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1999 Lupin Production Highlights 
The 1999/2000 season was a record harvest with over 1.4 million tonnes produced.  The record 
delivery highlights the importance of the crop in West Australian farming systems.  Estimates of the 
value of lupins to the Western Australian wheat crop are put at  $100 million combined with the export 
income of  $200 million makes the crop a major contributor to the Western Australian economy.  
While lupins continue to be the dominant pulse crop in Western Australia we are making every 
endeavour to ensure the crop improves it’s productivity and adds to the sustainability of our farming 
systems.  The lupin industry has matured to a point where growth in area sown is limited.  Production 
increase will come through increases in yield.  
RESEARCH HIGHLIGHTS 
The release of the variety Quilinock continues the rapid improvement in yield we have seen with 
recent cultivars.  Quilinock is very suited to the southern and low rainfall locations of the agricultural 
regions as it has better brown spot and aphid tolerance than Belara. 
The GRDC funded project ‘Getting the best out of new lupin varieties’ continues and is aims are to 
develop the specific agronomic packages to optimise lupin production in the different regions.  The 
information from this project combined with the herbicide tolerance work of Terry Piper, Agriculture 
Western Australia, in conjunction with agribusiness makes our production package for lupins more 
robust.     
Tanjil continues to preform extremely well in trials and on farm tests.  The variety, with its sister line 
Wonga, is the key to the anthracnose management packaged developed by Agriculture Western 
Australia.  Anthracnose was found in most crops in the Northern Wheatbelt and Mid West regions last 
season.  The wet conditions experienced this year had a major effect on the development of the 
disease but anthracnose is spreading and has the potential to severely impact on lupin production.  
Mark Sweetingham’s team, lead by Geoff Thomas, continued to do trial work on anthracnose with 
specific emphasis on seed transmission of the disease and variety tolerance.  Anthracnose free seed 
is becoming more difficult to find and the cost of that seed is an issue with many growers.  The effect 
of infected blue lupins was observed this year with a number of nearby crops losing up to 50% of 
estimated yield due to anthracnose. 
Research in yellow lupins continues as the production package becomes more defined and we gain a 
better understanding of soil types suitable to the species.  
I would like to acknowledge all the people involved in providing papers for the Crop Updates.  We 
have a range of papers from agribusiness, Agriculture Western Australia and CLIMA this year.  I would 
also like to acknowledge all that have been involved in the various lupin projects in Agriculture 
Western Australia and thank them for their efforts. 
Bill O’Neill 
PROJECT MANAGER 
LUPIN PRODUCTIVITY IMPROVEMENTS AND INDUSTRY DEVELOPMENT 
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Anthracnose – 1999/2000 
Geoff Thomas and Mark Sweetingham, Agriculture Western Australia 
INTRODUCTION 
Through 1999 anthracnose has spread to infect more areas of Western Australia, through the central 
midlands, eastern and southern wheatbelt. 
Many crops in the northern and western midlands areas suffered severe yield losses in 1999, 
susceptible varieties being most severely hit.  The more resistant varieties on the whole stood up well 
however in the most severe areas, even Wonga and Tanjil suffered significant yield loss.  The major 
cause of severe disease outbreaks appears to have been the large populations of infected blue lupins 
through these areas and the frequency of rain events during the growing season. 
An encouraging sign is that the majority of seed tests of Wonga and Tanjil have appeared to be below 
the critical infection threshold, despite the high level of disease. 
BLUE LUPINS 
Blue lupins can be found throughout much of the northern wheatbelt and west midlands.  Many stands 
of blue lupins have become infected with anthracnose.  Regenerating stands are being re-infected 
through germinating infected seed and rain-splash from closely associated infected stubble.  As blue 
lupins tend to germinate on the first rain of the season, they are often well established and already 
infected with anthracnose by the time lupin crops are sown.  Disease within stands of blue lupins 
increases throughout the season, as the level of infection increases so does the number of spores 
released during rain storms.  The abundant numbers of spores being produced will in general fall 
close to the blue lupin stands, however a small proportion will travel over a greater distance (possibly 
kilometres).  Normally a few spores travelling over a large distance will pose little or no threat to crops 
further away, however with the huge numbers of spores being produced in stands of infected blue 
lupins or early infected crops, the numbers of spores travelling long distances becomes significant and 
can infect crops well removed from the original disease source.  Crops close to these blue lupins will 
suffer greatly through continued waves of inoculum being deposited during storms.  Obviously, factors 
such as frequent rain events and strong winds will lead to multiple infection opportunities and 
significant distance of spread. 
During 1999 in the Allanooka - Walkaway region, anthracnose was particularly severe, infecting a 
majority of crops despite the use of clean seed and fungicide seed dressings.  This locality has large 
numbers of blue lupins which are highly likely to be infected.  The 1999 season was characterised by 
an above average amount and frequency of rainfall.  Also the rain began early in the season (early 
germination of blue lupins) and continued till late in the season (causing high levels of pod infection).  
These conditions were optimum for the development of anthracnose in the stands of blue lupins and 
subsequent short and long distance spread of the disease. 
1999 has demonstrated the role of blue lupins as a source of anthracnose and re-iterated the 
importance of reducing blue lupin populations by spraying them out early in the season. 
VARIETY RESPONSE TO ANTHRACNOSE 
Despite having accurate disease resistance scores for all current varieties, there is little data on how 
these scores relate to yield performance in the presence of anthracnose.  During 1999, a series of 
variety trials were conducted at Mullewa (low rainfall), Wongan Hills (medium rainfall) and Badgingarra 
(high rainfall), to assess the relative effect of anthracnose on yield performance.  Half of the plots in 
each trial were regularly sprayed with fungicide to ensure they were uninfected by anthracnose, yields 
from these plots were compared to those from anthracnose infected plots.  Infection levels could be 
equated to 0.5-0.75% seed infection. 
Disease development at Mullewa was minimal due to very low rainfall during June, July and August.  
At the end of the season there were no differences in yield between infected and uninfected plots. 
  
At both Wongan Hills and Badgingarra, disease established well and obvious yield effects were 
noticed.  The resistant varieties Tanjil and Wonga were significantly better than susceptible varieties at 
both sites.  At Wongan Hills where disease pressure was slightly less, the moderately resistant variety 
Kalya also performed well.  Importantly, seed infection rates in harvested seed from Badgingarra 
showed that only Tanjil and Wonga produced seed that would be safe for re-sowing in a high rainfall 
zone. 
Table 1. Effect of anthracnose on yield and seed infection in harvested seed of lupin varieties grown at 
Badgingarra and Wongan Hills 
 Badgingarra Wongan Hills 
Variety Yield  
(t/ha) 
% yield 
loss 
% infection 
harvested 
seed 
Yield  
(t/ha) 
% yield 
loss 
 Fungicide 
sprayed 
Infected 
 (Infected 
plots) 
Fungicide 
sprayed 
Infected 
 
Wodjil -a - - - 1.58b 0.40 73 
Quilinock 2.93 1.17 60 3.1 2.09b 1.52 27 
Myallie 2.43 1.17 52 4.6 2.51 -c - 
Tallerack 2.19 1.24 44 5.5 2.35 1.80 23 
Merrit 2.53 1.35 47 3.9 2.72 1.96 28 
Belara 2.90 1.56 46 5.3 2.81 2.23 21 
Gungurru 2.71 1.36 50 3.8 2.61 2.03 22 
Kalya 2.75 1.84 33 1.7 2.75 2.40 13 
Tanjil 2.77 2.11 24 0.1 3.09 2.76 11 
Wonga 2.64 2.30 13 0.2 2.83 2.62 7 
LSD 0.3  1.5 0.36  
a Wodjil not sown at Badgingarra. 
b Yields in fungicide sprayed plots reduced by aphid feeding. 
c No data available. 
CRITICAL SEED INFECTION THRESHOLDS 
The importance of sowing clean seed for the management of anthracnose in lupins has been stressed 
many times.  In 1997 and 1998 anthracnose-free seed was relatively easy for many growers to obtain 
from locations remote from the initial 1996 outbreak areas.  From 1999 on, anthracnose-free seed has 
become an increasing rare commodity.  
The question for most growers is - what level of anthracnose seed infection will allow the crop to grow 
and cause minimal yield loss.  This level of seed infection is referred to as the critical seed infection 
threshold. 
Factors which effect the critical seed infection threshold are: 
• susceptibility of the variety to the disease; 
• climatic environment in which the seed will be sown (rainfall zone is most critical); 
• whether fungicide seed treatment is to be used; 
• relative importance and proximity of other sources of infection (e.g. blue lupins); 
• price of seed and other costs associated with changing seed. 
  
1999 trial results 
Trials were established at Mullewa and Badgingarra to assess effects of seed infection levels on 
anthracnose development and yield loss, continuing a series of trials established in 1998.   
At Mullewa, rainfall during the growing season was minimal, consequently no significant yield effects 
were apparent in Wonga, Myallie or Wodjil at any seed infection rate up to 2%.  There were significant 
levels of infection in Wodjil plots sown with 0.2 and 2% infected seed, however given the seasonal 
conditions this was not translated into significant yield loss.  In seasons where rainfall falls more 
evenly throughout the middle of the growing season, anthracnose development and spread will be far 
greater and yield effects will be apparent at higher seed infection rates in susceptible varieties. 
At Badgingarra, there were regular heavy rain events throughout the season, resulting in rapid 
establishment and spread of anthracnose.  Wonga with 0.2% seed infection had a yield loss  around 
5%, climbing to 35% yield loss at 2% seed infection.  Myallie, a susceptible variety, had a 15% yield 
loss at the lowest seed infection tested, 0.02%.  Indicating that for this trial the safe infection threshold 
for Myallie was less than 0.02%.  These results replicate results from 1998 trials in Geraldton (also a 
high rainfall site).   
Table 2. Yield (t/ha) of two lupin varieties sown with three rates of seed infection at Badgingarra 
Variety 
Seed 
infection rate 
Yield 
(t/ha) 
Myallie Nil 1.47 
Susceptible 0.02% 1.25 
 0.2% 1.01 
 2% 0.43 
Wonga Nil 1.73 
Resistant 0.02% 1.63 
 0.2% 1.67 
 2% 1.10 
lsd  0.44 
Critical seed infection threshold table 
To allow lupin growers to determine the suitability of their seed for use as seed in 2000, Agriculture 
Western Australia has produced a table of critical seed infection thresholds, which allow farmers to 
interpret seed test results.  The table is produced by extrapolating results from critical seed infection 
trials and variety yield loss trials to give best estimate of safe infection thresholds, the table assumes: 
(i) thiram seed dressing is used on all seed; 
(ii) 5% yield loss is unacceptable and seed likely to produce this level of yield loss should be 
changed. 
Table 3. Best estimate critical anthracnose seed infection levels for variety by rainfall zone 
Relative anthracnose 
resistance 
Variety 
High 
rainfall * 
Medium 
rainfall * 
Low 
rainfall* 
Resistant Wonga, Tanjil 0.4% 1.0% 2.0% 
Moderately resistant Kalya 0.1% 0.4% 1.0% 
Moderately susceptible Merrit, Belara, Gungurru 0.05% 0.2% 0.5% 
Susceptible Myallie, Tallerack, Quilinock 0.02% 0.05% 0.2% 
Very susceptible Wodjil Nil 0.02% 0.05% 
Extremely susceptible Kiev Mutant Nil Nil 0.02% 
* High rainfall = > 450 mm, Medium rainfall = 325-450 mm, Low rainfall = < 325 mm 
  
CONCLUSIONS 
The 1999 season was one in which anthracnose was found more extensively throughout the wheatbelt 
and lupin farmers in the high rainfall northern agricultural region suffered severe yield losses from 
anthracnose.  These two facts emphasise the importance of all growers adhering to the lupin 
anthracnose management package in the year 2000.  The major components of the anthracnose 
management package are: 
• Clean seed 
• Thiram seed treatment 
• Resistant varieties 
• Control blue lupins 
• Crop rotation 
• Machinery hygiene  
Growers in the high risk northern regions (high rainfall and/or blue lupins) should ensure that they are 
using the most resistant varieties available (TANJIL or WONGA), eradicating blue lupins and using 
seed below the critical infection threshold with thiram seed dressing.  These factors are all equally 
important in being able to successfully grow lupins in the high risk areas. 
The presence of anthracnose in isolated patches throughout the wheatbelt emphasises the 
importance of all farmers being aware of the risks from anthracnose.  Use of low risk seed and thiram 
seed dressing are practises that should be carried out State-wide. 
ACKNOWLEDGMENTS 
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The genetic control of mildly restricted branching in 
narrow-leafed lupin (Lupinus angustifolius L.) 
Kedar Adhikari1,3, Nick Galwey1,3 and Miles Dracup2,3 
1 Plant Sciences, University of Western Australia 
2 Agriculture Western Australia 
3 Cooperative Research Centre for Legumes in Mediterranean Agriculture, 
University of Western Australia 
KEY MESSAGE 
Most current cultivars of narrow-leafed lupin have an indeterminate growth habit such that vegetative 
growth continues while the pods are being filled, causing strong intra-plant competition for 
photosynthates.  If the vegetative growth could be checked once the plant starts flowering, the plant’s 
biomass could be diverted towards the development of pods and seed filling.  This can be achieved by 
restricting the branching.  Two forms of restricted branching are known, namely highly restricted and 
mild.  Highly restricted branching is under simple Mendelian genetic control, but the genetic control of 
mildly restricted branching is probably more complex.  To elucidate it, crosses were made between 
mildly restricted and normal branching types, and their F1, F2 and F3 generations were studied.  Mildly 
restricted branching was found to be quantitatively inherited, with high heritability.  The additive effects 
of genes on this trait were larger than the dominance effects.  These features will allow breeders to 
select and fix the mildly restricted branching character. 
AIMS 
To determine the heritability, and pattern of inheritance, of the mildly-restricted branching trait of 
narrow-leafed lupin 
MATERIALS AND METHODS 
Plant material 
Mildly restricted branching lines from several independent sources (Tallerack, 88L089-3-21-02, 
P27805, P27973 and 76A:333) were obtained from the International Lupin Collection Centre at 
Agriculture Western Australia.  They were crossed with normal branching parents Myallie, Danja, 
WL223 and 83A:476.  The F2 populations were grown in a screenhouse at Shenton Park Field Station 
or in the field at Wongan Hills Research Station.  Approximately 40 seeds of each population were 
sown 10 cm apart in a single row with a distance of 50 cm between rows.  The F2-derived F3 families 
were grown at Shenton Park Field Station or Wongan Hills Research Station.  
Measurements 
Branches arise from lateral shoot buds which form in nearly all leaf axils of narrow-leafed lupin.  The 
main shoot terminates in a racemose inflorescence.  The node immediately below this inflorescence is 
referred to as the uppermost and bears the uppermost main-stem leaf and branch, which is referred to 
here as ‘U’.  Restricted branching plants have fewer leaves on the main stem branches than do 
normal branching lupins.  The number of leaves on U is taken as representative of this general 
reduction and this variable was recorded during harvesting of individual plants.  
Data analyses 
Generation means and variance components on the number of leaves on U were estimated as 
outlined by Mather and Jinks (1971).  Estimates of the gene effects, viz. mean (m), additive (d) and 
dominance (h) were obtained.  Only the main effects of genes were estimated, using the weighted 
least squares.  The sum of squares from this analysis were used as 2 statistics to test the significance 
of each effect.  The broad-sense heritability was estimated from the variances of the parental and F2 
generations.  Parent-offspring regression between the F2 and F3 generations was performed on the 
number of leaves on U, and the slope of the regression line was taken as an estimate of narrow sense 
heritability.  
  
RESULTS 
Eight normal  mild RB crosses were analysed.  In all crosses, the F1 plants were variable with 2-5 
leaves on U.  In the F2, there was quasi-continuous variation in the number of leaves on U ranging 
from 0 to 6.  A quantitative approach was therefore used to interpret the results from these crosses.  
The results for the 2 test for four generation means for the number of leaves on U are presented in 
Table 1.  In all crosses, the additive component of 2 is large and the dominance component, although 
significant, is relatively small.  This indicates that mildly restricted branching is mostly determined by 
additive genetic effects, which indicates that selection for this trait should be fairly straightforward. 
However, the significant residual 2 values in most crosses indicate that more complicated genetic 
effects (non-allelic interactions) are also present.  The estimates of dominance effects are highly 
variable in direction and in magnitude relative to the additive effects (Table 2), but they are not 
estimated with great precision and firm reliance should not be placed on individual values.  The strong 
and straightforward genetic control of this character is confirmed by the finding that the narrow sense 
heritability of this trait is moderately high, and the broad sense heritability very high, in all crosses 
(Table 2).  These values indicated that it should be possible to select for this trait in the early 
generations of a breeding program.  
Table 1. Chi-square values and associated probabilities1 for genetic models using four generation 
means (P1 P2, F1 and F2) for the number of leaves on U of Lupinus angustifolius 
  Cross 
Model term DF 88L089-3-21-02  
Myallie 
P27805  
Myallie 
88L089-3-21-02  
83A476 
P27973  
Myallie 
[d] 1 443.23** 239.18** 242.68** 143.44** 
[h] 1 15.95** 1.02 60.59** 10.27** 
Residual 1 6.56** 14.93** 18.40** 3.75 
 
  Cross 
Model term DF 76A:333  83A:476 88L089-3-18-01  
WL223 
Tallerack   
WL223 
Tallerack  
Danja 
[d] 1 178.64 ** 237.45 ** 200.74 ** 52.07 ** 
[h] 1 8.97 ** 6.95 ** 75.78 ** 5.42 * 
Residual 1 2.30 25.89 ** 2.13 3.32 
* P < 0.05 
** P < 0.01 
  
Table 2. The genetic control of the number of leaves on the uppermost branch in mild  normal 
crosses of Lupinus angustifolius1 
Cross2 Genetic effects3 
Broad-sense 
heritability (H2) 
Narrow-sense 
heritability (H2) 
 Additive [d] Dominance [h]   
88L089-3-21-02  Myallie -1.32 (0.16) -1.09 (0.70) 0.82 0.55 
P27805  Myallie -1.57 (0.39) -0.28 (1.08) 0.91 0.60 
88L089-3-21-02  83A476  -1.03 (0.26) 1.92 (1.06) 0.90 0.42 
P27973  Myallie -1.18 (0.20) 1.04 (0.63) 0.65 -4 
76A333  83A476 -1.54 (0.17) 1.46 (0.74) 0.91 0.52 
88L089-3-18-01  WL223 -1.42 (0.47) -0.78 (1.50) 0.95 0.36 
Tallerack  WL223 -1.44 (0.28) -3.31 (0.55) 0.93 0.41 
Tallerack  Danja -1.05 (0.27) 0.90 (0.70) 0.75 0.29 
1 Estimates based on the P1, P2, F1 and F2 generations. 
2 First parent is mild and the second parent is normal. 
3 Standard errors in brackets.  [d] indicates the deviation of the mild homozygous line from the mid-parent 
value.  [h] indicates the deviation of the heterozygote from the mid parent value. 
4 The F3 generation of this cross was not grown. 
CONCLUSION 
Mildly restricted branching is a quantitatively inherited trait with high heritability.  This will allow plant 
breeders to select and fix this character in the early generations of a breeding program. 
KEY WORDS 
continuous variation, inheritance, Lupinus angustifolius, plant architecture 
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Genotype x time of sowing interaction in lupins - 
Mingenew 
Bob French, Agriculture Western Australia, Merredin 
SUMMARY 
• Belara and Tanjil were the highest yielding cultivars overall.  Quilinock did not do well due to the 
prevalence of anthracnose at the site. 
• Sowing in early May was not as good as mid May sowing, but further delays in sowing resulted 
in large yield penalties.  Not all varieties suffered the same yield penalty with delayed sowing, 
with the largest yield penalties occurring in the highest yielding varieties. 
BACKGROUND AND AIM 
Since 1996 Agriculture Western Australia has released seven new lupin varieties with quite diverse 
characteristics.  Given the wide range of environments where lupins are grown in Western Australia, 
some varieties will be much better suited to some environments than to others.  There is also a range 
of maturity times now available in lupins, which means that the ideal sowing time may not be the same 
for all varieties, and that sowing time manipulation may be possible with lupins in order to, for 
example, manage herbicide resistant weeds.  This trial is part of a Statewide series aimed to 
investigate differences in sowing time response between varieties and between different lupin growing 
areas. 
TRIAL DETAILS 
Property Erregulla Plains 
Plot size and 
replication 
20 x 1.44 m 
  3 replicates 
Soil type Deep sand pH (CaCl2) 5.2 at surface, 5.1 at 45 cm 
Sowing dates 10 May 1999 
21 May 1999 
1 June 1999 
11 June 1999 
Seeding rate 100 kg/ha 
Fertiliser February 1999 - Superphos 120 kg/ha + Potash 60 kg/ha topdressed 
May/June 1999 – Superphos 80 kg/ha drilled with seed 
Paddock rotation and 
History (4 yr rotn) 
Deep ripped 1998 
1998 - Wheat 
1997 - Lupins 
1996 - Wheat 
1995 - Lupins 
Herbicides 10 May 1999 – Simazine 2 L/ha + Sprayseed 2 L/ha 
13 July 1999 - Brodal® 150 mL/ha 
Insecticides 13 July 1999 - Nitofol® 100 mL/ha 
  3 August 1999 - Nitofol® 100 mL/ha 
 
  
RESULTS 
Grain yield (kg/ha) at each time of sowing 
Sowing date 10 May 1999 21 May 1999 1 June 1999 11 June 1999 
Merrit 3245 3468 2975 2948 
Tanjil 4057 4466 3338 3425 
Kalya 3205 3852 3172 3194 
Belara 4180 4041 3541 3022 
Myallie 2576 3013 2732 2309 
Tallerack 3187 3289 2740 2761 
Quilinock 3139 3468 3211 2725 
Wodjil 1760 2107 1669 1427 
COMMENTS 
• Belara and Tanjil were the highest yielding cultivars overall.  Anthracnose was present at the 
site which probably accounts for Belara not outyielding Tanjil by more, and for the poor showing 
of Quilinock.  
• Maximum yield was achieved at the second time of sowing rather than at the first.  This may 
have been helped by the mild spring in 1999. 
• There was considerable variation between cultivars in the penalty for delayed sowing, ranging 
from 24 kg/ha/day for Tallerack to 47.3 kg/ha/day for Tanjil (calculated between the second and 
fourth times of sowing).  However there is a tendency for the highest yielding cultivars to have 
the largest penalty for delayed sowing so they remain high yielding at later times of sowing, 
albeit by a smaller margin. 
  
Genotype x time of sowing interaction in lupins - 
Wongan Hills 
Bob French, Agriculture Western Australia 
SUMMARY 
New high yielding cultivars Quilinock and Belara were the highest yielding across all times of sowing, 
with the anthracnose tolerant variety Tanjil also doing very well.  Yield penalties for delayed sowings 
were small as a result of the mild spring, which favoured less determinate cultivars like Kalya, 
especially at the later times of sowing. 
BACKGROUND AND AIM 
Since 1996 Agriculture Western Australia has released seven new lupin varieties with quite diverse 
characteristics.  Given the wide range of environments where lupins are grown in Western Australia, 
some varieties will be much better suited to some environments than to others.  There is also a range 
of maturity times now available in lupins, which means that the ideal sowing time may not be the same 
for all varieties, and that sowing time manipulation may be possible with lupins in order to, for 
example, manage herbicide resistant weeds.  This trial is part of a State-wide series aimed to 
investigate differences in sowing time response between varieties and between different lupin growing 
areas. 
TRIAL DETAILS 
Property Wongan Hills Research Station 
Plot size and replication 20 x 1.44 m, 3 replicates 
Soil type Deep sand pH (CaCl2) 5.1 at surface, 5.8 at 45 cm 
Sowing dates   5 May I999 
24 May 1999 
  4 June 1999 
23 June 1999 
Seeding rate 100 kg Lha 
Fertiliser Extraphos 60 kg/ha banded below seed 
Paddock history and rotation 1998 - Wheat 
1997 - Lupins 
Insecticides   8 May 1999 Endosulphan 500 mL/ha 
25 June 1999 Dimethoate 850 mL/ha 
29 June 1999 Pirimor 500 g/ha 
20 July 1999 Pirimor 500 g/ha 
  4 August 1999 Dimethoate 800 mL/ha 
Herbicides   5 May 1999 Simazine 2 L/ha and Sprayseed 1.6 L/ha 
21 May 1999 SpraySeed 1.6 L/ha on TOS 2,3 and 4 
  4 June 1999 Sprayseed 2 L/ha on TOS 3 and 4 
  6 July 1999 Brodal.  150 mL/ha on TOS 1, 2 and 3 
22 July 1999 Sertin 300 mL/ha + Verdict 120 mL/ha on TOS 1, 2 and 3 
30 July 1999 Brodal 150 mL/ha on TOS 4 
13 August 1999 Sertin 300 mL/ha + Verdict 120 ml/ha on TOS 4 
  6 September 1999 Select 250 mL/ha on TOS 4 
 
  
RESULTS 
Grain yield (kg/ha) at each time of sowing 
Sowing date 5 May 1999 24 May 1999 4 June 1999 23 June 1999 
Merrit 3067 2512 2593 2234 
Tanjil 3414 2731 3108 2801 
Kalya 3096 2731 3108 2801 
Belara 3744 3328 3194 2888 
Myallie 3061 2685 2778 2390 
Tallerack 2396 2234 2141 1896 
Quilinock 3507 3368 3189 2795 
Wodjil 2245 2106 1701 1748 
COMMENTS 
• The two most recent cultivars, Quilinock ant Belara, were consistently high yielding across all 
times of sowing, despite there being a small amount of anthracnose present at the site.  
However the anthracnose tolerant cultivar Tanjil also yielded very well, especially when sown 
early. 
• Kalya was comparatively high yielding at the later times of sowing. 
• Yield loss due to delayed sowing was not great in this experiment, due to the mild spring 
experienced at Wongan Hills.  This seemed to favour the less determinate cultivar Kalya, 
especially in the later times of sowing. 
• Yield penalties for delayed sowing averaged from 6 kg/ha/day for Kalya to 17.8 kg/ha/day for 
Belara. 
  
Genetic variation in lupin tolerance to Brown Leaf 
Spot 
Bob French, Agriculture Western Australia 
SUMMARY 
Although brown leaf spot was not particularly severe at this site, significant differences in disease 
levels were observed, and different cultivars exhibited different levels of disease, in line with their 
known tolerances.  However yields did not relate simply to disease levels.  The full significance of 
these observations will not be clarified without further research. 
BACKGROUND AND AIM 
Three lupin varieties released by Agriculture Western Australia since 1996 show less severe 
symptoms of brown leaf spot than other varieties.  These are Myallie and Tallerack narrow-leafed 
lupin, and Wodjil yellow lupin.  The value of this apparent tolerance in terms of yield has not been 
accurately measured. 
This trial is one of a series conducted throughout the lupin growing areas of Western Australia 
designed to measure the relationship between brown leaf spot levels and grain yield in a range of 
lupin cultivars.  In this trial disease levels were manipulated by the retention or non-retention of 
stubble, and by the treatment or non-treatment of seed with Rovral.  Disease ratings were done at 
flowering by the standard technique of counting the number of leaves lost per plant through the 
disease. 
TRIAL DETAILS 
Property VVongan Hills Research Station 
Plot size and replication  20 x 1.44 m 
3 replicates 
Soil type Deep sand pH (CaCl2) 5.1 at surface, 5.8 at 45 cm 
Sowing date 10 May 1999 
Seeding rate 100 kg/ha 
Fertiliser Extraphos 60 kg/ha banded below seed 
Paddock rotation and history 1998 - Wheat 
1997 - Lupins 
Insecticides 25 June Dimethoate 850 mL/ha 
29 June Pirimor 500 g/ha 
20 July Pirimor 500 g/ha 
  4 August Dimethoate 800 mL/ha 
Herbicides 10 May Simazine 2.5 L/ha and SpraySeed 1.6 L/ha 
  6 June Brodal 150 mL/ha 
22 July Sertin 300 mL/ha and Verdict 120 mL/ha 
 
  
RESULTS 
Disease rating (leaves lost per 10 plants on 11 August 1999) 
 Stubble retained Stubble burnt 
Variety + Rovral - Rovral + Rovral - Rovral 
Merrit 36.9 37.4 50 58.2 
Tanjil 27.3 32.7 54.6 64.3 
Kalya 36.7 36.4 45 56.6 
Belara 31.9 43.3 63.4 100.8 
Myallie 41 38.3 48.7 61.2 
Tallerack 14.4 28.5 22.3 33.2 
Quilinock 42.4 48.1 49.4 60.4 
Wodjil 0.4 4 5.4 7.3 
LSD = 10.9 
 
 Stubble retained Stubble burnt 
Variety + Rovral - Rovral + Rovral - Rovral 
Merrit 2669 2769 2625 2597 
Tanjil 3407 3491 3187 3270 
Kalya 3254 3215 2843 2966 
Belara 3504 3547 3391 3409 
Myallie 2883 2869 2601 2378 
Tallerack 2340 2342 2188 2202 
Quilinock 3407 3491 3187 3270 
Wodjil 2267 2183 1696 1885 
LSD = 257 
COMMENTS 
• Significant differences in disease level were observed between stubble and Rovral treatments 
but these did not lead to large yield differences (although stubble had a significant effect on 
yield Rovral did not).  Differences between cultivars in disease levels were much as expected, 
with Belara exhibiting more disease than other cultivars, and Tallerack and Wodjil showing less.  
All other cultivars had about the same amounts of disease, with in the case of Myallie is 
surprising, but overall at this site disease was not bad. 
• Disease scores were not a good guide to grain yields.  In all cultivars yield declined as disease 
became more prevalent, but in Myallie, Tanjil and Wodjil the disease loss was greater for a 
given change in disease score than in other varieties.  In the case of Myallie and Wodjil this was 
enough to ensure that there was a greater yield difference between the highest and lowest 
disease treatments than for other varieties. 
These findings were unexpected given observations at other sites in over years that Wodjil in 
particular but also Myallie, stand up better than over lupin varieties to very heavy brown leaf spot 
loads.  Perhaps there are different mechanisms for tolerance to low and high levels of infection of this 
disease. 
Paper reviewed by: Bill O’Neill 
  
Yellow lupin management in Western Australia 
Bob French, Agriculture Western Australia 
FEATURES OF YELLOW LUPIN 
Yellow lupin (Lupinus luteus) was identified as a promising crop for certain environments in the 
wheatbelt of Western Australia in the mid 1990s.  These environments were highly acidic wodjil soils 
of the low rainfall agricultural areas, and areas of the central eastern wheatbelt where brown-leaf spot 
is a significant constraint to lupin production.  There is a significant overlap between these two:  some 
of the worst brown-spot problems occur on wodjil soils. 
The advantages yellow lupin has to offer over narrow-leafed lupin are: 
• Greater tolerance of aluminium toxicity (a major productivity constraint on acid soils). 
• Greater ability to scavenge soil P (low P and high P fixing capacity is another productivity 
constraint on wodjil soils). 
• Much higher resistance to the diseases brown leaf spot, Pleiochaeta root rot and Eradu patch. 
• Immunity to cucumber mosaic virus. 
• Higher protein grain 
• Better waterlogging tolerance (but wodjil soils rarely waterlog). 
Yellow lupin also has some disadvantages compared to narrow-leafed lupin.  The major one is that 
currently available cultivars have considerably lower yield potential than the best narrow-leafed lupin 
cultivars.  This explains why yellow lupin is intended only for specific niches where other factors 
constrain narrow-leafed lupin from expressing its full yield potential.  Other disadvantages are that it is 
more susceptible to anthracnose, it is more sensitive to frost, and the cultivar Wodjil is extremely 
sensitive to aphids (although other cultivars are not). 
THE PLACE OF YELLOW LUPIN ON WESTERN AUSTRALIAN FARMS 
Analysis of results from 36 trials conducted in the wheatbelt between 1995 and 1998 showed that soil 
Al and sowing time are both important factors in determining the performance of yellow lupin relative 
to narrow-leafed lupin.  Yellow lupin was less sensitive to soil Al and experienced a more gradual yield 
decline with delayed sowing than narrow-leafed lupin, but there was a wide range of conditions where 
the yield potential of the two species was similar (Figures 1 and 2).  Yellow lupin is clearly better than 
narrow-leafed lupin when soil Al exceeds 30 mg/kg, but there are only restricted areas of such soils.  
Narrow-leafed lupin is clearly better when soil Al is less than 8 mg/kg.  Soil Al never reached 8 mg/kg 
if pH at 15-25 cm was more than 4.1, however a lower pH than this did not guarantee high Al.  Yellow 
lupin was clearly better than narrow-leafed lupin on soils with moderate Al levels when sown in June, 
but it was preferable to sow it in May. 
Brown leaf spot was only an important factor in two of the 36 experiments.  In one of these 
experiments the tolerance of yellow lupin was worth 1.7 t/ha.  However, here disease was at a level 
that caused complete failure of narrow-leafed lupin. 
  
Figure 1. Dependence of grain yield of Merrit narrow-leafed lupin (open symbols) and Wodjil yellow 
lupin (solid symbols) on soil Al (measured in 1:5 extract in 0.01M CaCl2) when sown on:  (a) 
15 May; or (b) 1 June. 
 
0 5 10 15 20 25 30 35
Extractable Al at 15 - 25 cm (mg/kg)
0
0.5
1.0
1.5
2.0
2.5
0 5 10 15 20 25 30 35
0.0
0.5
1.0
1.5
2.0
2.5
G
ra
in
 y
ie
ld
 (
t/
h
a
)
a)
b)
  
Figure 2. Dependence of grain yield of Merrit narrow-leafed lupin (open symbols) and Wodjil yellow 
lupin (solid symbols) on sowing date on a soil with:  (a) 5 mg/kg Al; or (b) 20 mg/kg Al. 
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Another finding was that yellow lupin was less responsive to environmental fluctuations in yield.  This 
means that in very good seasons yellow lupin did not respond as well as narrow-leafed lupin but, 
conversely, in poor lupin seasons yellow lupin did not suffer as much as narrow-leafed lupin.  Yellow 
lupin is therefore most likely to be successful in areas with low average lupin yields and in average to 
below-average seasons. 
The conclusions of this analysis are: 
• Yellow lupin should be grown in wheatbelt areas on soils with extractable Al at 15–25 cm of 
more than 8 mg/kg.  This will be on soils with subsoil pH of 4.1 or less. 
• If Al is between 8 and 30 mg/kg (i.e. all but the very worst wodjil soils) yellow lupin will not 
necessarily outperform narrow-leafed. 
• On these soils yellow lupin has most chance of outperforming narrow-leafed lupin if disease 
pressure is high, as in close rotations, the crop is sown late, or where narrow-leafed lupin yield 
potential on the best soils is less than 2 t/ha.  Disease means brown-leaf spot, Pleiochaeta root 
rot, and Eradu patch. 
KEYS TO MANAGEMENT OF YELLOW LUPIN 
A summary of yellow lupin management is given here.  More detail is available in Farmnote No. 75/99 
‘Growing Yellow Lupins in Western Australia’. 
• Paddock selection.  Take account of soil properties and disease pressure, as described above.  
Try to avoid weedy paddocks, and do not grow yellow lupin where anthracnose risk is high. 
• Sowing time.  Yellow lupin does not need to be sown as early as narrow-leafed lupin, but should 
be sown early if possible.  April sowing is not advisable as it may expose the crop to 
unnecessary frost risk, but the first week of May is not too early.  Figure 2 suggests that it 
should not be sown before about 20 May, but this is a consequence of some poor results from 
April sowings and is misleading.  Where both species are grown on the same farm, narrow-
leafed lupin should be sown first. 
• Seed quality.  Seed should be tested for germination and anthracnose (1:10,000 seed test).  Do 
not use if any anthracnose is detected. 
• Seed depth and rate.  Yellow lupin should be sown no deeper than 5 cm, otherwise poor 
establishment will result.  90 kg/ha seed should be sown if germination is 80%, to establish 45 
plants per square metre. 
• Fertiliser.  On soils with very good super history P fertiliser may not be necessary.  On wodjil 
soils an economic response to more than 9 kg P/ha is unlikely (this is equivalent to 100, 50 and 
45 kg/ha respectively of plain, double and triple superphosphate).  P fertiliser should be banded 
or drilled rather than topdressed. 
• Weed control.  Weed control is as for narrow-leafed lupin except that yellow lupin is not as 
tolerant of some broadleaf herbicides.  The best post-emergent broadleaf option is metribuzin + 
Brodal at 60 g + 60 mL/ha.  Do not use Eclipse on yellow lupin. 
• Insect control.  Yellow lupin is more susceptible than narrow-leafed lupin to red-legged 
earthmite, so careful monitoring is necessary at crop emergence.  Wodjil is very attractive to 
aphids, especially at flowering.  One well-timed spray for aphids may be provide sufficient 
protection, but sometimes more than one could be worthwhile. 
• Harvesting.  Yellow lupin is generally ready to harvest at least a week before narrow-leafed 
lupin.  Do not delay harvest as shattering losses can be significant. 
  
THE FUTURE 
Yellow lupin has not been adopted as enthusiastically as was expected when Wodjil was released in 
1997.  About 2000 ha were grown in 1999 in Western Australia.  The main reasons for its poor 
adoption are the rapid spread of anthracnose in the State, restricting the potential area of the crop, 
and poor overall prices for lupin grain.  Wodjil's sensitivity to aphids has also been a factor.  Good 
progress is being made in selecting yellow lupin genotypes with aphid tolerance while retaining low 
seed alkaloid levels, although selecting anthracnose tolerance is proving more difficult. 
Some growers were also disappointed that Wodjil, although it yielded very well in 1999, did not do 
better in comparison to narrow-leafed lupin.  I would urge these growers not to discard yellow lupin 
prematurely, since 1999 was an exceptional year for lupin in most parts of Western Australia, and our 
research shows that it is in such seasons that narrow-leafed lupin will perform comparatively well.  In 
average to poor seasons, which are sure to return, yellow lupin will have an advantage on the right 
soils. 
Our analyses have shown that, despite its adaptational advantages, Wodjil yellow lupin has very 
similar yields to narrow-leafed lupin on many wodjil soils.  For a stable industry to establish it is 
therefore necessary to increase the yield potential of yellow lupin substantially.  This is a challenge to 
our plant breeders but, seeing yellow lupin breeding has only just begun in Western Australia, there is 
a very good chance of success.  
 
  
Forecasting aphid and virus risk in lupins 
By Debbie Thackray, Jenny Hawkes and Roger Jones, Centre for Legumes in 
Mediterranean Agriculture and Agriculture Western Australia 
KEY MESSAGES 
• A forecasting and decision support system (DSS) is being developed for advisers and growers 
to predict the risk of annual aphid outbreaks and virus epidemics in lupins in different districts, 
and the need for control measures at seeding.  
• In 1999, trials at four sites representing a range of average annual rainfall zones were set up to 
provide additional aphid and virus data for validating the DSS.   
• As previously, earliest aphid arrival was correlated with greatest pre-growing season (March 
and April) rainfall. 
• In 1999, as in 1998, highest incidences of CMV and BYMV were correlated with early arrival of 
aphids, but not with the number of aphids colonising lupins.  
• Results from these sites, aphid and virus data from earlier field experiments going back 10 
years, and climatic data will be used in validating the forecasting models and DSS.  
BACKGROUND 
Cucumber mosaic virus (CMV) is seed-borne in narrow-leafed lupins and the virus is spread from 
seed-infected plants to healthy plants by aphid vectors moving and feeding within crops.  It causes 
yield losses of up to 60% in some years, but has little impact on yield when aphids arrive late.  Bean 
yellow mosaic virus (BYMV) is not seed-borne in narrow-leafed lupins but is spread to lupin crops by 
aphids when they migrate from adjacent BYMV-infected sub. clover pastures.  It kills (necrotic strain) 
or severely stunts (non-necrotic strain) narrow-leafed lupin plants and causes heavy yield losses.  
Aphids also cause sporadic yield losses due to direct feeding damage.  The extent of CMV and BYMV 
epidemics in lupin crops and resulting yield losses vary widely with site and season.  Planning for virus 
control should be done before planting crops, so that seed testing for CMV can be done pr-sowing and 
cultural CMV and BYMV management recommendations for seeding can be followed1. 
A forecasting and decision support system (DSS) is being developed to predict when growers in 
different districts and years may suffer economic losses from CMV or BYMV and should incorporate 
control measures at seeding.  A preliminary model forecasting CMV spread and its effect on lupin 
yields was described in the 1997 Lupin Crop Updates (p. 42).  On the basis of work done in 1998 and 
1999, the model is being improved to incorporate extra information and validated to cover the whole of 
the wheatbelt, not just the traditionally high-risk areas (i.e. high annual rainfall zones).  Climate records 
are being studied in relation to past aphid outbreaks and virus epidemics at diverse sites over the last 
10 years.  In addition, experiments are being done in controlled environment cabinets to simulate a 
range of likely climatic scenarios (temperature, wind and rainfall) and determine their impacts on aphid 
numbers and virus spread.  Data gained from the validation plots set up at four sites in low, medium 
and high annual rainfall zones in 1998 and 1999, has provided further information on aphids and virus 
in lupins for representative sites in different years.  
1999 VALIDATION PLOTS 
To help validate the outputs from the CMV and BYMV forecasting models, single large square plots 
(20 x 20 m) of narrow-leafed lupins cv. Gungurru were sown at the same sites as in 1998, at 
Agriculture Western Australia Research Stations at Merredin (Average annual rainfall 330 mm), 
Avondale (Av. 420 mm), Badgingarra (Av. 600 mm) and Mt Barker (Av. 750 mm).  At each site, the 
plot was set up adjacent to a sub. clover pasture.  Plots were sown with 7% CMV-infected seed and 
were visited fortnightly or monthly during the growing season.  On each visit, numbers of aphids of 
different species on one shoot tip (top 10 cm) of each of 50 plants were counted and 100-200 lupin 
shoot tips were sampled for testing in the laboratory by ELISA for CMV.  Plants with obvious 
symptoms caused by the necrotic or non-necrotic strains of BYMV were counted separately.  ELISA 
tests on leaf samples helped distinguish CMV symptoms from those of the non-necrotic BYMV strain. 
  
1999 was an interesting year for aphid build-up and virus spread in general.  Some areas which are 
usually low risk for virus disease (medium to low annual rainfall) experienced unusually early aphid 
arrival and greater virus spread than usual, whilst other areas which are usually high risk for virus 
(high annual rainfall) saw unusually late aphid arrival and less virus spread than usual. 
The earliest arrival of aphids (early June) and the greatest spread of CMV (100% of plants infected) in 
the lupin blocks was at Badgingarra, where pre-season (March and April) rainfall was greatest 
(130 mm) (Figure 1).  Conversely, the latest arrival of aphids (early August) and the least spread of 
CMV (54%) was at Mount Barker where pre-season rainfall was least (40 mm).  At the Merredin site, 
where in most years aphids are not present until mid-way through the growing season and virus 
spread is usually minimal, aphids arrived in early June and 74% of plants became infected with CMV.  
Thus, where a source of virus is present (i.e. lupin plants originating from infected seed sown) even 
low risk sites such as Merredin can be badly affected by virus in a year when aphids arrive early.   
The highest aphid numbers on lupin plants were seen at Merredin (79/shoot tip).  At this low annual 
rainfall site, conditions were conducive to faster build up of aphids than at higher annual rainfall sites 
such as Mount Barker (highest numbers 39 aphids/shoot tip), where late arrival of aphids with strong 
winds and rain during the growing season contributed to higher mortality rates and kept numbers 
down.  The predominant aphid species on the lupins at three of the sites was green peach aphid 
(Myzus persicae) but at Merredin it was bluegreen aphid (Acyrthosiphon kondoi).  Later infestations of 
bluegreen aphids occurred at all sites and cowpea aphids were also present at all sites but in lower 
numbers than either green peach or bluegreen aphids.  Generally, the earlier the arrival date of 
aphids, the higher the final level of CMV infection, irrespective of the build-up in colonising aphid 
numbers.  The greater spread of CMV at Avondale compared with Merredin may have been due to the 
higher percentage survival of seed-borne infected plants and lower plant density in the Avondale plot. 
In 1999 there were only relatively low levels of BYMV (necrotic strain only) recorded, the highest being 
9% of plants infected at Badgingarra.  Avondale and Mt Barker had only 3% and 1.6% of plants 
infected respectively.  No BYMV was observed at Merredin.  BYMV spread was first seen at 
Badgingarra in late July, at Avondale in late August and at Mt Barker in early September.  This 
correlates with aphid arrival dates and demonstrates that it is not the number of aphids present in the 
crop that determines virus levels, but the interaction between a number of factors such as timing of 
aphid arrival and presence and proximity of infected source plant material in neighbouring pasture.   
  
Figure 1. Date aphids first recorded, aphid numbers/shoot tip and highest % CMV and BYMV infection 
found in narrow-leafed lupins at four sites in different rainfall zones. 
Jones R.A.C. (1994).  Virus Diseases of Lupins.  Western Australian Department of Agriculture 
Bulletin No. 4294 14 p. 
This work was supported by growers through the Grains Research and Development Corporation 
(project UWA 290).  We thank Brenda Coutts, Lisa Smith, Donna Atkins and other Plant Virology staff 
for technical assistance. 
GRDC Project No.: UWA 290 
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When should lupin crops be sprayed for aphids to 
achieve a maximum yield response? 
Françoise Berlandier, Agriculture Western Australia, South Perth 
SUMMARY 
• Significant differences in yields due to aphid feeding damage were recorded for three spray 
trials using narrow-leafed and yellow lupin.  A single spray to control aphid feeding damage 
increased yields by more than 200% for both narrow-leafed lupins (Lupinus angustifolius cv. 
Tallerack) and yellow lupins (L. luteus cv. Wodjil).  Spraying cv. Wodjil twice produced higher 
yields than a single spray, but one late spray had a similar effect to two sprays for Tallerack.  
Yields of L. angustifolius cv. Belara were not affected by aphid colonisation and feeding damage 
was minimal.  
• Unsprayed treatments of Wodjil and Tallerack located in the low rainfall areas (< 325 mm) of 
Merredin (eastern wheatbelt) and Mullewa (northern wheatbelt) suffered greater losses than 
those grown in the medium rainfall (325-450 mm) zone of Wongan Hills.  At Merredin, delaying 
spraying for 14 days after threshold produced a better yield response than spraying immediately 
after threshold both cv. Tallerack and cv. Wodjil. 
• For susceptible lupin varieties, growers should spray at threshold (30% of tips moderately to 
heavily infested with aphids) or within 14 days to prevent economic yield losses.  
MATERIALS AND METHODS 
In 1999, trials involving three lupin varieties (2 narrow-leafed and 1 yellow) were conducted at two low 
rainfall zones (Mullewa and Merredin) and one each at a medium (Wongan Hills) and high rainfall 
zone (Regan’s Ford) to determine the optimum timing of a single spray of insecticide to control aphid 
feeding damage. 
Plots measuring 25 m by 2.8 m were sown with healthy lupin seed at 100 kg/ha by cone seeder.  
Treatments were unsprayed or foliar sprays applied either once at threshold (early), two weeks after 
threshold (late) or two sprays applied 14 days apart.  The sprays were applied on 30 July/12 August, 
21 July/3 August and 16 August/1 September at Mullewa, Regan’s Ford and Wongan Hills 
respectively.  At Merredin the single early spray was applied on 5 August, the single late spray on 
19 August and two sprays on 19 August and 1 September. 
Numbers and species of aphids were assessed every 12 to 15 days during flowering.  Grain yields 
were compared by harvesting plots with a mini harvester except at Regan’s Ford trial, which became 
infected with anthracnose.  These plants were hand-harvested on 9 September. 
RESULTS AND DISCUSSION 
Aphid numbers 
Aphid numbers developed most rapidly on the cultivar Wodjil at all four sites.  Numbers on Tallerack 
were also high, reaching up to a mean of 60 aphids/plant, but were low Belara throughout the season 
at all four sites (Figures 1–4).  The most abundant species attacking both Wodjil and Tallerack was 
bluegreen aphid, Acyrthosiphon kondoi, and heavy patches of the cowpea aphid, Aphis craccivora, 
were also occasionally found. 
Aphid numbers of untreated Wodjil declined after early September at both Wongan Hills and Merredin 
(Figures 1 and 3) because the heavy aphid infestations caused plants to age prematurely, rendering 
the plants an unsuitable food source. 
  
Figure 1. Aphid numbers (mean/10 cm growing tip) on Lupinus luteus cv. Wodjil at Wongan Hills. 
Figure 2. Aphid numbers (mean/10 cm growing tip) on Lupinus angustifolius cv. Tallerack at Wongan 
Hills. 
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Figure 3. Aphid numbers (mean/10 cm growing tip) on L. luteus cv. Wodjil at Merredin sprayed once 
early (A), once late (B) or twice (B and C). 
Figure 4. Aphid numbers (mean/10 cm growing tip) on L. angustifolius cv. Tallerack at Merredin 
sprayed once early (A), once late (B) or twice (B and C). 
Aphid counts for Wodjil
0
50
100
150
200
250
300
350
400
450
500
1
8
-J
u
l
2
5
-J
u
l
1
-A
u
g
8
-A
u
g
1
5
-A
u
g
2
2
-A
u
g
2
9
-A
u
g
5
-S
e
p
1
2
-S
e
p
M
e
a
n
 a
p
h
id
s
/t
ip
Early spr Late spr Tw o spr Untreated
     
         = spray 
    application
vegetative flowering podding
(A) (B) (C)
Aphid counts for Tallerack
0
50
100
150
200
250
300
350
400
450
2
1
-J
u
l
2
8
-J
u
l
4
-A
u
g
1
1
-A
u
g
1
8
-A
u
g
2
5
-A
u
g
1
-S
e
p
8
-S
e
p
1
5
-S
e
p
M
e
a
n
 a
p
h
id
s
/t
ip
Early spr Late spr Two spr Untreated
           flowering   podding
     = spray 
application
vegetative
(A) (B) (C)
  
Effects of aphid feeding damage on lupin grain yields 
Average grain yields of plots receiving two applications of insecticide were 1.87 t/ha at Mullewa, 
1.95 t/ha at Wongan Hills and 2.22 t/ha at Merredin.  
At Mullewa, Wodjil sprayed once to remove aphids produced higher yields than untreated Wodjil, and 
yields from plots sprayed twice were greater still (Table 1).  Yields from plots of Tallerack sprayed 
twice were comparable to those sprayed late, both of which out yielded plots sprayed early or 
unsprayed.  The Belara plots were not sprayed, as aphid numbers had not reached threshold on this 
variety during the growing season.  
At Merredin, plots of Wodjil and Tallerack receiving two sprays at threshold produced greater yields 
than those receiving one or no sprays (Table 2).  It also appears that applying one spray 14 days after 
threshold is reached (‘Late’) produces a greater yield response than application at threshold. 
At Wongan Hills sprayed Tallerack and Wodjil (all treatments) produced greater yields than untreated 
plots, and as in Mullewa, Wodjil sprayed twice outyielded Wodjil sprayed late.  There was no effect of 
aphid feeding on Belara yields (Table 3). 
At Regan’s Ford, untreated pods of both Tallerack and Wodjil suffered aphid attack and weighed 
significantly less than pods from sprayed plots (F pr = 0.006) (Table 4). 
At all four sites, heavy aphid feeding and colonisation caused untreated plants of Tallerack and Wodjil 
to hay off earlier than normal, resulting in shrivelled seeds.  Tallerack seed from untreated plots at 
Wongan Hills weighed 95% the weight of seed from plots sprayed twice, and untreated Wodjil seed 
weighed 92% that of seed from plots sprayed twice. 
Economics of spraying 
The current price of applying a spray of a registered chemical (product + application) is between 
$15-$25/ha.  This is economically viable if applied when aphid numbers are high (at least 56/growing 
tip) on a susceptible variety, as the possible yield losses caused by severe aphid damage could cost 
up to ten times the price of a single spray application. 
Table 1. Effect of controlling aphid feeding damage with foliar sprays on yields (t/ha) of lupins at 
Mullewa (low rainfall).  Results for Belara not presented as aphid numbers did not reach 
threshold at this site 
Treatment Tallerack  Wodjil  
Two sprays 2.28 1.46 
One early spray 1.80 1.06 
One late spray 2.14 1.06 
Unprotected prayed 0.53  0.42 
Yield response (t/ha)† 1.75 1.04 
Yield response ($)* $262 $156 
† Two sprays – unprotected. 
* Calculated at $150/t for lupins. 
Table 2. Effect of controlling aphid feeding damage with foliar sprays on yields (t/ha) of lupins at 
Merredin (low rainfall) 
Treatment Belara Tallerack  Wodjil  
Two sprays 2.74 2.80 1.10 
One early spray 2.78 1.65 0.15 
One late spray 2.71 2.45 0.87 
Unprotected prayed 2.70 1.60 0.08 
Yield response (t/ha)†  1.20 1.02 
Yield response ($)*  $180 $153 
† Two sprays – unprotected. 
* Calculated at $150/t for lupins. 
  
Table 3. Effect of controlling aphid feeding damage with foliar sprays on yields (t/ha) of lupins at 
Wongan Hills (medium rainfall) 
Treatment Belara Tallerack  Wodjil  
Two sprays 2.20 2.22 1.24 
One early spray 2.13 2.15 1.06 
One late spray 2.13 1.96 0.99 
Unprotected prayed 2.24 1.76 0.48 
Yield response (t/ha) † - 0.45 0.76 
Yield response ($)* - $69 $113 
† Two sprays – unprotected. 
* Calculated at $150/t for lupins. 
Table 4. Effect of controlling aphid feeding damage with foliar sprays on pod weight (g/10 plants) of 
lupins at Regan’s Ford (high rainfall).  Results for Belara not presented 
Treatment Tallerack  Wodjil  
Two sprays 13.0 14.2 
One early spray 13.4 10.9 
One late spray 13.0 12.3 
Unprotected prayed 10.7 6.1 
CONCLUSION 
The extent of yield losses caused by aphids was influenced by lupin variety and the amount of rain 
that the trial received.  Yield losses were greatest in trials located in the low rainfall zones of Mullewa 
and Merredin than those in the medium rainfall zone of Wongan Hills.  As in 1998, the varieties Wodjil 
and Tallerack were especially prone to aphid feeding damage.  Crops of susceptible varieties grown in 
low rainfall zones are likely to suffer greater losses than those grown in medium or high rainfall zones.  
Yields of Belara were not affected by aphids, indicating that this variety seldom warrants a spray 
recommendation.  
A 14 day delay in applying a single spray of insecticide will not adversely affect yields, and provides 
growers with a degree of flexibility when spray thresholds are reached.  Waiting 14 days after 
threshold to apply the spray produced a greater yield response at Merredin than applying the spray 
immediately after threshold was reached.  This may have been an unusual seasonal response, as the 
average rainfall for the growing season had been exceeded by August 1999, and a further 80 mm fell 
by the end of October 1999. 
Note that these recommendations apply only to control of aphid feeding damage; spray 
recommendations for virus control are different. 
ACKNOWLEDGEMENT 
Technical support was provided by Tammy Agar, Nadine Wirth, Dominic McCosker, and Dave 
Nicholson.  Julien Casella assisted in data collation and analysis.  We thank the staff of the Wongan 
Hills, Geraldton and Merredin Research Support Units for sowing, maintaining and harvesting these 
trials.  Mark Sweetingham provided feedback on trial design.  Finally, we are grateful to the farmers 
who kindly permitted us to use their properties for the Wodjil trials.  The GRDC and GRC provided 
funding for this research. 
  
Yield limiting potential of the new, non-necrotic 
strain of bean yellow mosaic virus in narrow-leafed 
lupin 
Roger Jones, Yvonne Cheng and Lisa Smith, Crop Improvement Institute, 
Agriculture Western Australia, and Centre for Legumes in Mediterranean Agriculture 
KEY MESSAGES 
• Under conditions when both strains were spreading from equivalent infection foci in lupin plots, 
the new, non-necrotic strain of bean yellow mosaic virus spread sufficiently to cause statistically 
significant grain yield losses (> 35%) while the normal, necrotic strain did not.  
• Because of its greater yield limiting potential, increasing occurrence of the non-necrotic strain is 
of concern to the lupin industry. 
BACKGROUND 
Bean yellow mosaic virus (BYMV) spreads to lupin crops from adjacent pastures.  Aphids spread it 
while feeding.  The normal (= necrotic) strain of BYMV kills infected plants of narrow-leafed lupin.  
Recently a new strain of the virus causing stunting and mottling sometimes associated with apical 
necrosis has been found to be widespread.  This is called the non-necrotic strain.  In the 1999 Lupin 
Updates [page 31] we reported the results of a field experiment showing that the non-necrotic strain 
spreads faster than the necrotic strain in lupins resulting in a higher final incidence of crop infection.  In 
this field experiment, a uniform virus source for each BYMV strain was obtained by transplanting 
BYMV-infected sub. clover plants into the plots.  Yield loss data for the field experiment was not 
available in time to report with the virus spread data in the 1999 Update.  However, the yield data 
subsequently obtained showed that for single infected plants the losses in grain yield were very 
substantial with both strains.  They were greatest with the necrotic strain, with which there was no 
seed production except with late infection when plants tended not to become fully infected.  Yield 
losses with the non-necrotic strain enlarged with increasing duration of plant infection, reaching 94% 
with early infection but only 56% with late infection.  Because of its increasingly widespread 
occurrence, faster rate of spread and likely substantial impact on grain yield, the non-necrotic strain of 
BYMV is cause for concern for the lupin industry. 
In 1999, a further field experiment was done comparing the rate of spread of the two strains and 
examining their impacts on grain yield.  This time yield data was taken for whole plots rather than from 
single infected plants, and the introduced virus source plants were subsequently removed from the 
plots rather than being left there for the full duration of the experiment. 
METHOD 
The field experiment was done at Agriculture Western Australia’s Avondale Research Station.  
Subterranean clover plants infected with either BYMV strain were introduced into 10 x 20 m plots of 
cv. Gungurru (3 foci/plot).  There were 5 treatments:  (1) no introduced foci (control); (2) non-necrotic 
foci removed early; (3) non-necrotic foci removed later; (4) necrotic foci removed early; and (5) 
necrotic foci removed later.  There were 4 replications and a randomised block design.  A 5 metre 
wide canola buffer separated the plots.  Within each plot, individual plants with characteristic 
symptoms of either strain were tagged or staked at fortnightly intervals using different colour codes to 
distinguish date and BYMV strain.  Numbers of plants with each strain were counted on each visit.  
Whole plots were harvested to determine grain yields.  
RESULTS 
Spread was faster with the non-necrotic strain than with the necrotic strain of BYMV, the difference in 
numbers of plants infected increasing over time (Figure 1).  There was some spread of both strains 
across the canola buffers to other plots.  Comparison of the rate of spread of the non-necrotic strain in 
plots with introduced non-necrotic strain foci with the rate of spread of the necrotic strain in plots with 
introduced necrotic strain foci revealed significantly different linear trends (P < 0.001), but there was 
  
no significant difference due to early or late removal of introduced infection foci.  Comparison of the 
rate of spread of the non-necrotic strain in plots with necrotic strain foci with the rate of spread of the 
necrotic strain in plots with non-necrotic strain foci revealed the same linear trends (P < 0.001).  The 
rate of spread of the non-necrotic strain was also significantly faster in the control plots (P < 0.001). 
Grain yields (t/ha) were 1.76 (control plots), 1.42 (necrotic strain foci removed early), 1.54 (necrotic 
strain foci removed late), 1.13 (non-necrotic strain foci removed early) and 1.10 (non-necrotic strain 
foci removed late) [lsd = 0.392, P = 0.014].  Thus, yields in the plots with non-necrotic strain foci were 
significantly decreased by infection predominantly with the non-necrotic strain (by > 35%) but the 
spread of the necrotic strain was insufficient to diminish overall plot yield significantly.   
CONCLUSION 
This experiment confirms that faster spread occurs with the non-necrotic than the necrotic strain of 
BYMV and that the former has greater yield limiting potential.  This has serious implications for the 
narrow-leafed lupin industry especially for crops in more BYMV-prone areas. 
 
 
 
 
 
 
 
 
 
Figure 1. Disease progress curves for spread of necrotic (N) and non-necrotic (NN) strains of BYMV in 
narrow-leafed lupin for plots with NN foci removed later/NN symptoms (⚫), NN foci removed 
earlier/NN symptoms (◼), N foci removed earlier/N symptoms (), N foci removed later/N 
symptoms (◆), no foci/NN symptoms (), NN foci removed earlier/N symptoms (), NN foci 
removed later/N symptoms (), N foci removed later/NN symptoms (), N foci removed 
earlier/NN symptoms (), no foci/N symptoms (). 
We thank Brenda Coutts, Donna Atkins and other Plant Virology staff for technical assistance.  
Members of the Avondale Research Station staff helped maintain the experiment.  The work was 
supported by growers through the Grains Research and Development Corporation. 
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Increasing the value of a rotation by applying lime 
Chris Gazey and Michael O’Connell, Agriculture Western Australia 
KEY MESSAGE 
Economic analysis of a long term trial at Holt Rock in Western Australia demonstrates that the 
application of lime to manage soil acidity has increased average gross margins over the rotation by as 
much as 30%.  However, there was delay of two seasons before the costs of lime were recovered.  
This highlights the need to view the investment in lime over the whole rotation and not just for 
individual crops. 
AIMS 
A long term trial was established in 1994 to investigate the effect of lime on the growth and yield of 
narrow-leafed lupins.  Subsequently the trial has followed the farmer’s rotation and has provided 
information on the effects of lime on a range of crops and their nutrition. 
METHOD 
An acidic sand over gravel site was selected on Bruce Hill’s farm near Holt Rock, south east of Hyden 
in the Eastern wheatbelt of Western Australia.  Lime sand was applied in 1994 at the rates of 0, 1, and 
2 t/ha.  The plots were sown using a conventional plot seeder from 1994 to 1996.  From 1997 to 1999 
they were sown using the farmer’s machinery.  The plots were harvested each year using a plot 
harvester. 
Gross margins for the limed and unlimed plots have been calculated for each year of the rotation.  The 
cost of spread lime was assumed to be $32 and $60/ha for 1 and 2 t/ha respectively, while the grain 
prices used reflect the prices that would have been received in each of the years.  In 1999 an 
additional treatment of manganese fertiliser was applied to some of the limed plots.  A cost of $36/ha 
was allowed for the deep banding of this fertiliser.  Other variable costs (sprays, seed, fuel etc.) were 
assumed to be $100, $130 and $160/ha for lupin, wheat and canola.   
RESULTS 
Grain yields for the trial are presented in Table 1.  The very low wheat yield in 1998 was caused by the 
severe frost events in that year.  Reductions in lupin grain yield following the application of lime reflect 
the marginal manganese status of this site created by the increase in the soil pH. 
Table 1. Grain Yield (t/ha) for trial 94LG17, Holt Rock, Western Australia 
Year Crop Unlimed 1 t/ha lime 
in 1994 
1 t/ha lime in 
1994 plus 
manganese 
in 1999 
2 t/ha lime in 
1994 
2 t/ha lime in 
1994 plus 
manganese 
in 1999 
1994 Lupin 0.61 0.64  0.63  
1995 Wheat 1.49 1.83  1.98  
1996 Lupin 1.22 1.10  1.19  
1997 Canola 1.29 1.55  1.69  
1998 Wheat 0.11 0.11  0.11  
1999 Lupin 1.64 1.67 1.74 1.54 1.64 
Gross margins for each crop and lime treatment are shown in Table 2.  All dollar values are nominal - 
that is they reflect the actual cashflow for each year and have not been adjusted for inflation, time 
value or opportunity cost of alternative investments.  However we have repeated the analysis using an 
investment appraisal approach (not shown here) and the conclusions remain unchanged.   
  
Good prices for wheat in 1995 and canola in 1997 helped to capitalise on the yield benefits of liming, 
though even with poorer prices the lime would have been a worthwhile investment.  Manganese 
applied in 1999 has had little negative impact on average profitability and, like the lime, will provide 
benefits for several years to come.  It must be remembered that the expression of lime induced 
manganese deficiency is very seasonally dependent.  Given the good conditions at the end of the 
1999 growing season at Holt Rock, split seed and reduced lupin yields were unlikely. 
Table 2. Gross margins for trial 94LG17 at Holt Rock 
 Gross Margins ($/ha) 
Year Crop Unlimed 1 t/ha lime in 
19G1294 
1 t/ha lime in 
1994 plus 
manganese 
in 1999 
2 t/ha lime in 
1994 
2 t/ha lime in 
1994 plus 
manganese 
in 1999 
1994 Lupin -15 -42  -72  
1995 Wheat 183 254  286  
1996 Lupin 126 104  120  
1997 Canola 259 344  389  
1998 Wheat -115 -115  -115  
1999 Lupin 80 84 55 69 44 
Average 
gross margin 
(nominal $/ha) 
 87 105 100 113 109 
% Increase 
compared to 
unlimed 
  21 15 30 25 
CONCLUSION 
The yield responses in this trial have been among the best of all the medium to long term lime trials 
that have been conducted in Western Australia, and clearly demonstrate the potential long term 
profitability of liming to manage soil acidity.  The trial also shows that the application of additional costs 
such as manganese fertiliser can be absorbed.   
The application of 1 t/ha of lime has resulted in an increase in average gross margins of between $13 
and $18/ha over the 6 years of this trial.  Due to the significant response in wheat in the second year 
of the trial the cost of the application of lime was recovered after two seasons.  Similar analyses from 
other trials have shown that it may take several years more than this for the cost of lime to be 
recovered but the benefits are long lasting.  It is important that growers recognise this and budget 
accordingly.  However, there is now clear evidence that a liming program for acidic soils should be 
implemented as soon as possible especially in those situations where lime is required to leach down 
to correct a sub-surface acidity problem.  Appropriate management will ensure that any lime induced 
changes can be overcome. 
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Herbicide damage does not mean lower yield in 
Lupins 
Peter Carlton, Trials Coordinator, Elders Limited 
KEY MESSAGE 
In 1999 metribuzin was used with relative safety on lupins in the central wheatbelt, but these results 
must be interpreted with caution.  Crop damage was evident in all lupin varieties tested, especially at 
the higher rates, but was most severe in Tanjil and Wonga.  However this did not translate into 
reduced grain yield.  Metribuzin was found to be safe for Belara, Gungurru, Kalya and Myallie and 
Wonga.  That yield was not affected, except for Tanjil, was perhaps fortuitous and a similar result 
cannot be guaranteed next season.  Metribuzin can be sprayed at high rates but specific guidelines 
are difficult to develop and it is important that farmers consult with their local agronomist, especially 
when spraying Tanjil or Wonga.  This trial also highlighted the comparable yields of Wonga and Tanjil. 
INTRODUCTION 
Crop tolerance to herbicides has become an important issue to farmers in the management of new 
Lupin varieties in Western Australia.  Evidence from lupin herbicide tolerance trials conducted in 
Western Australia suggests that some of the newer varieties are susceptible to the herbicide 
Metribuzin that is used to control broadleaf weeds in lupins.  Visual symptoms of leaf scorch and 
general plant thriftiness have occurred in Tanjil and Wonga Lupins and, on occasion, have translated 
into significant yield reductions. Atmospheric conditions following herbicide application, especially 
rainfall events have been implicated.  To date the evidence for susceptibility of some of the newer 
varieties to herbicide damage, especially Metribuzin, has been anecdotal or subjective.  To help 
quantify the herbicide tolerance of the newer lupin varieties this paper reports the results of a herbicide 
tolerance trial conducted at Bolgart in 1999. 
METHOD 
Lupins were seeded on May 12 at 100 kgha-1 with 100 kgha-1 superphosphate using Superseeder 
knife points and presswheels at 9 inch row spacing.  Roundup (800 ml) was applied 3 weeks prior to 
seeding and Sprayseed (750 mL) and Simazine (2 L) were applied the day before seeding.  Twelve 
herbicide mixes utilising combinations of Brodal, Eclipse, Simazine and Lexone (see Table 1) were 
applied to six varieties of lupins; Belara, Gungurru, Kalya, Myallie, Tanjil and Wonga in a modified 
RCB design.  Varieties were sown alongside each other in plots measuring 16 m * 100 m.  Spray 
treatments 4 m wide were then sprayed across varieties, giving a plot size of 3 m * 16 m.  Post 
emergent herbicide treatments were applied July 8 and visual assessment of crop damage was made 
at 18 and 28 days.  Plots were machine harvested and grain yield measured on 13.2 m2. 
RESULTS 
At 18 days after spraying visual symptoms were apparent in all Lupin varieties for mixes that 
contained Lexone and for Brodal 200 mL.  Symptoms were most severe on Tanjil, followed by Wonga.  
Most leaf damage occurred at the highest rate of Lexone.  Belara, Gungurru and Kalya had generally 
recovered and were growing vigorously at 28 days after spraying (Table 1).  However, Tanjil and to a 
lesser extent Wonga followed by Myallie, were still showing signs of leaf damage and stunted growth 
at the higher rates of Lexone.  Phyto-toxicity effects were also measured for Eclipse and Brodal mixes 
but the symptoms were slight compared to the effect of Lexone and plants recovered quickly.  
Herbicide application did not reduce yield of Belara, Gungurru, Kalya, Myallie or Wonga (Table 2).  
Tanjil was the only lupin to suffer a significant yield reduction, and then only at the highest rate of 
Lexone when yield was reduced by 33%.  Rainfall 4 days after spraying (13 mL) did not reduce foliar 
symptoms but, combined with a soft finish, may have contributed to the better than expected yield 
results. 
Table 1. Crop tolerance of Lupin varieties assessed over 12 herbicide treatments.  Scored on a visual 
rating that encompassed plant mortality, growth, leaf damage (key:  1 = no effect, 9 = major 
effect 
  
Herbicide treatments Lupin varieties 
 Belara Gungurru Kalya Myallie Tanjil Wongan 
Simazine 500 1 1 1 1 1 2 
Simazine 500, Brodal 120 1 1.5 1.5 1.5 1.5 1.5 
Simazine 500, Brodal 120, Lexone 75 g 1 1 2 1 4 3 
Simazine 500, Brodal 100, Lexone 100 g 1 1.5 1 3 3.5 3 
Simazine 500, Brodal 120, Lexone 125 g 1 1 2 2.5 5.5 4.5 
Brodal 120, Lexone 75g 1 1.5 1 1.5 2 2 
Brodal 100, Lexone 100g 1 1 1.5 1.5 3 2 
Brodal 120, Lexone 125g 1 1.5 1.5 2.5 1.5 2 
Brodal 200 1 1 1.5 1.5 2 2 
Eclipse 14 g 1 1 2 1 2 1 
Eclipse 7 g, Brodal 120 1 2 1 2 1.5 1.5 
Eclipse 14 g, Brodal 120 1 1.5 2 2 2 1 
Table 2. Grain yield of newer lupin varieties assessed over 12 herbicide treatments.  Yield is given as 
percentages of the grain yield of the Simazine treatment.  LSD’s presented as percentages 
Herbicide treatments Lupin varieties 
 Belara Gungurru Kalya Myallie Tanjil Wonga 
Simazine 500, Brodal 120 108 105 103 92 101 104 
Simazine 500, Brodal 120, Lexone 75 g - 96 101 90 86 98 
Simazine 500, Brodal 100, Lexone 100 g 97 108 93 85 84 93 
Simazine 500, Brodal 120, Lexone 125 g - 105 87 83 67 85 
Brodal 120, Lexone 75 g 105 102 88 85 93 108 
Brodal 100, Lexone 100 g 92 103 78 75 88 95 
Brodal 120, Lexone 125 g 99 95 96 93 91 95 
Brodal 200 100 107 100 99 104 113 
Eclipse 14 g 112 96 84 92 85 88 
Eclipse 7 g, Brodal 120 110 112 92 84 99 99 
Eclipse 14 g, Brodal 120 99 105 103 107 106 111 
Simazine 500 2394 2288 2565 2174 2695 2548 
lsd  ns 7 ns Ns 17 16 
P 0.051 0.007 0.08 0.12 0.01 0.045 
CONCLUSION 
This trial demonstrates that metribuzin can be used with relatively safety across a range of lupin 
varieties but these results must be interpreted with caution.  The susceptibility of Tanjil and Wonga 
Lupins to high rates of metribuzin in the two and three way mixes was evident in this trial.  That yield 
was not affected, except for Tanjil, was perhaps fortuitous and a similar result cannot be guaranteed 
next season.  Very little metribuzin is used in the central compared to the northern wheatbelt and trial 
work with lupins has demonstrated an inconsistent response across varieties, with generally more 
plant damage than is found in trials in the north.  Typically, more yield damage would be expected for 
the central area than was found in this trial.  Metribuzin can be sprayed with safety but specific 
guidelines are difficult to develop and it is important that farmers consult with their local agronomist for 
advice.  As a general rule Belara, Gungurru, Kalya and Myallie are tolerant of medium rates of 
metribuzin.  Tanjil and Wonga may be sprayed with metribuzin provided certain guidelines are 
followed, e.g. see the paper by Peter Newman, ‘Herbicide tolerance of new lupin varieties’. 
KEY WORDS 
lupin varieties, herbicide tolerance, crop damage, yield 
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Effect of herbicides Tordon 75D and Lontrel, 
used for eradication of Skeleton Weed, on 
production of Lupins in following seasons 
John R. Peirce and Brad J. Rayner, Agriculture Western Australia 
AIMS 
To determine if lupins can be retained in a rotation where Tordon 75D and Lontrel have been 
applied at rates of 1, 2, 4 and 8 L/ha to eradicate skeleton weed. 
INTRODUCTION 
Skeleton weed Chondrilla juncea L. is currently under an eradication campaign in Western Australia.  
Treatment involves an initial dose of 7 L/ha of Tordon 75D (picloram + 2,4-D amine), and depending 
on regrowth in the following three years, additional amounts may be required before the infested 
paddock can be released from quaranteen.  While safe on cereals and canola Tordon (pictoram) is 
known to have residual activity on many legume species.  An investigation into the long-term effect of 
both Tordon and Lontrel (also effective on skeleton weed), was commenced at Lake Varley in 
October 1995 to examine the effect of rates of 1, 2, 4 and 8 L/ha of both chemicals on the growth of 
lupins over several seasons.  Yields taken in 1997, 1998 and 1999 suggested that 18 months after 
treatment with up to 8L/ha Lontrel lupins can be included in a rotation.  Lupins only tolerated up to 
4 L/ha of Tordon 75D after the same period but it was safe to plant lupins three years after treatment 
in areas receiving up to 8 L/ha.  Retreatment four years later in the February of 1999, lupins would 
only tolerate 1 L/ha of Tordon 75D compared to 8 L/ha of Lontrel. 
On this soil type at Lake Varley, which is known to support skeleton weed, the current treatments used 
to eradicate the weed will not cause any major gaps in cropping rotations, particularly if Canola is 
included.  Further testing is required in other regions where skeleton weed is found. 
METHODS 
Tordon™ and Lontrel™ were applied in August 1995 at 1,2,4 and 8 L/ha in a randomised block design 
experiment at Lake Varley.  After the break of the season in 1996 14 crops and pasture species 
including Myallie lupins, Amery wheat, Narendra canola, oats and barley were established.  There was 
no incrop herbicides used and cultivation following the knock down herbicide glyphosate was the only 
weed control 
In 1997 the cropping was altered and only wheat, lupins, canola and pasture was used.  The same 
varieties were retained for wheat and lupins, canola being changed to Karoo, a triazine tolerant variety 
and the pasture being arrowleaf clover.  In addition from 1996, following the knockdown herbicides the 
following incrop herbicides were used: 
 Pre Post 
Wheat Trifluralin + logran Diuron + MCPA 
Hoegrass 
Lupins Simazine Simazine 
Brodal 
Hoegrass  
Canola Simazine & Atrazine Hoegrass 
 
  
The crop rotation from 1997 was as follows: 
1997 1998 1999 
Wheat Pasture Canola 
Lupins Canola Pasture 
Canola Lupin Wheat 
Pasture Wheat Lupins 
RESULTS 
Because of the lack of in-crop weed control, yields from 1996 are not presented. 
With the exception of Tordon™ 75D at 8L/ha, yield reductions 18 months after treatment were less 
than 20% (Table 1).  Lontrel™ was considerably safer than Tordon™ 75D, with yield losses at the 4 
and 8 L/ha being only 5 and 8% respectively, compared with 10 and 41% using Tordon™ 75D.  Some 
30 months after the treatment, with the exception of 1 and 8 L/ha of Tordon™ 75D all treatments out 
yielded the unsprayed.  No explanation can be given for the result from the 1 L/ha rate.  By 42 months 
even 8 L/ha of Tordon™ 75D did not show any yield suppression on lupins.  However, retreating in 
February 1999 with the same rates applied in August 1995 caused severe damage (34% reduction) 
with as little as 2 L/ha of Tordon™ 75D and total yield loss at 8 L/ha.  The equivalent rate (8 L/ha) of 
Lontrel™ only depressed yields by some 20%. 
The effect on lupin yield of four rates of Lontrel™ and Tordon™ 75D applied in August 1995 
  % Yield compared to untreated 
Treatments Rate L/ha 1997 1998 1999 1999* 
Lontrel™ 1 90 110 114 95 
Tordon™ 1 84 79 106 119 
Lontrel™ 2 86 102 89 93 
Tordon™ 2 80 102 128 66 
Lontrel™ 4 95 128 120 103 
Tordon™ 4 90 112 82 38 
Lontrel™ 8 92 113 99 81 
Tordon™ 8 59 95 113 0 
CONCLUSIONS 
Careful planning of crop stations in areas where skeleton weed has been found is required, so that 
there is at least a 30 months break following the application of 7L/ha of Tordon™ 75D will still allow 
lupins to be retained in a rotation.  Cropping through areas infested with skeleton weed is not 
permitted until twelve months after the Tordon™ 75D treatment has been applied, however, there is 
no restriction on cropping outside these areas.  This gives the option of growing wheat, barley, oats or 
canola as the first crop following treatment. 
One of the benefits of these two chemicals is the control of capeweed for several seasons where the 
higher rates are used.  In addition some suppression of summer weeds such as mintweed and melons 
was also noted. 
In the areas adjacent to the Tordon™ 75D treated skeleton weed there is also an opportunity to use 
the incrop herbicides Lontrel™ or Tordon™ 242.  Tordon™ 242 contains, in addition to picloram, 
MCPA, instead of 24-D which is present in Tordon™ 75D.  These products are active on a range of 
broad leaved plants including capeweed and thistles but at present are not registered for the use on 
skeleton weed in Western Australia.  With the herbicide resistance problems in radish, these products 
may find a new niche.  
* Retreated in February 1999 with the same rate of chemical. 
ACKNOWLEDGEMENT 
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Herbicide tolerance of lupins 
Terry Piper, Agriculture Western Australia, Northam 
KEY MESSAGE 
Herbicide tolerance in lupins continues to be somewhat unpredictable.  Tolerance is related to site 
characteristics, with disease levels probably being the most important.  Growers should continue to 
use minimum rates of herbicides, especially in tank mixes. 
THE TRIALS 
99MW35 was on a red sand.  The lupins grew well, with no signs of diseases until late in the season 
when anthracnose was detected in Kiev. 
99WH72 was on acid sandplain.  Moisture stress occurred at times but there was little disease.  
Aphids badly affected the Tallerack at flowering.  They made a remarkable recovery but the results 
should not be relied upon. 
99WH74 was on a grey sand, ex pasture, which had a heavy capeweed burden.  Those treatments 
able to control this have thus been favoured, and the results have been given as a percent of the 
Brodal treatment.  This gave good control, and is known to be a safe treatment in its own right. 
This trial was sown with knife points, and the IPP treatments caused considerable damage when 
washed into the seeding slots.  Their true effect has been masked because they were also the most 
effective capeweed treatments.  There was also a low level of Brown Leaf Spot. 
RESULTS 
Statistical analysis has not been completed, and I have only given sed figures.  Double this number is 
about the lsd. 
Brodal/Lexone/simazine continues to be the most unpredictable treatment.  It was safe at Mullewa, but 
was the most damaging treatment at Kalannie, and would have been so at Buntine except for the 
anomolous result with Myallie.  In past trials, this treatment has been safe at Katanning and becomes 
more damaging further north.  It was again safe at Katanning, seemed to be more damaging at 
Wongan (data analysis from these sites is not yet complete), damaging at Kalannie and Buntine, and 
safe again at Mullewa. 
Lexone was tolerated well by all varieties at Mullewa but affected Tanjil at Buntine and Kalannie, and 
Belara at Buntine.  Merrit is also suspect at both sites. 
Brodal/Lexone and Brodal/Eclipse were also safe at Mullewa and Kalannie, but not at Buntine.  
Brodal/Lexone still seems the safer of the two. 
These relative safeties are consistent with the observed levels of plant stress at each site.  Katanning 
and Mullewa were stress free, Kalannie had moisture stress at times, while Wongan and Buntine both 
had slight leaf disease.  At Buntine, Merrit was especially affected early, and was visibly the most 
damaged by herbicides.  It did recover considerably by harvest. 
Eclipse was observed to cause a paling of all varieties for two weeks after spraying at Kalannie, but 
there has been no effect on yield. 
Quilinock had been affected by a range of herbicides in previous years but not this year, except for 
Eclipse at Kalannie.  Tanjil had good tolerance at Mullewa, but was more sensitive at Buntine.  This 
may well be a response to growing season, with the variety unable to recover in the shorter season at 
Buntine. 
GRDC Project No.: DAW 618 
Paper reviewed by: Vanessa Stewart 
  
Herbicide effects on yields of lupin varieties at Mullewa (99MW37), Kalannie (99WH72) and Buntine (99WH74) 
  Belara   Kalya   Merrit   Myallie  Quilinock   Tallerack   Tanjil  
Herbicides MW KL BN MW KL BN MW KL BN MW KL BN MW KL MW KL BN MW KL BN 
Yield kg/ha 1477 1403 928 1854 1237 764 1472 1071 607 1161 1125 414 1593 1372 1340 551 513 1795 1237 494 
Simazine 2l (*) 100 100 92 100 100 87 100 100 84 100 100 91 100 100 100 100 79 100 100 82 
Simazine 4l 106 99 81 93 95 81 105 94 91 105 100 95 104 95 94 101 101 98 98 94 
Simazine/Atrazine 2/1l 109 95 83 98 101 97 93 96 96 101 98 105 103 92 98 102 99 94 97 88 
Atrazine 2l  94 83  95 91  94 97  95 103  97  103 75  96 77 
(*) Diuron 1l 112 92 61 99 89 63 101 86 75 105 90 88 107 92 106 93 91 100 83 80 
(*) Diuron/Lexone 1l/133 g 110 103 65 101 96 85 108 97 75 108 95 103 103 95 102 101 96 100 88 73 
(*) Brodal 200 mL 102 103 100 94 93 100 98 103 100 104 105 100 100 89 103 94 100 94 87 100 
(*) Lexone 150 g 108 97 78 93 88 93 96 88 88 99 96 97 98 87 101 110 94 96 84 62 
(*) Brodal/Lexone 100 mL/100 g 102 107 85 101 103 88 97 94 95 103 104 108 101 90 103 107 88 96 90 98 
(*) Brodal/Eclipse 60 mL/6 g 98 96 74 96 90 79 85 102 64 89 99 82 98 87 95 83 76 92 93 65 
(*) Brodal/Lexone/simazine 
100 mL/100g/1 L 
96 88 66 97 96 91 87 93 89 98 86 140 92 65 103 91 102 89 67 89 
(*) Eclipse 10 g 104 104 88 89 98 85 82 91 83 96 99 96 96 97 103 112 90 101 92 77 
                     
sed 4.7 8.6 11.9 4.4 6.5 10.9 6.5 8.0 10.5 7.3 6.7 16.8 5.6 13.2 6.7 19.6 12.7 5.4 7.8 10.5 
Treatments 1-4 were applied immediately before seeding (IBS). 
Treatments 5-6 were applied immediately after seeding (IPP). 
Treatments 7-11 were applied to 4 leaf lupins. 
Treatment 12 was applied to 8-10 leaf lupins. 
Treatments 5-12 had a basal simazine treatment IBS 
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Tanjil lupins will tolerate metribuzin under the right 
conditions 
Peter Newman, Agronomist Elders Limited and Cameron Weeks, 
Mingenew/Irwin Group 
INTRODUCTION 
Lupin herbicide tolerance trials conducted in Mingenew in 1998 suggested that the varieties Wonga 
and Tanjil were highly susceptible to the herbicide Metribuzin and the variety Belara suffered 
significant leaf scorch from Metribuzin but recovered to show no yield decline.  No rain fell for five days 
after this trial was sprayed.  Metribuzin affects lupins by scorching the leaves and causing significant 
defoliation.  Observations by Elders agronomists in the field have been that if rain falls within 24 hours 
of spraying Metribuzin this leaf scorch is significantly reduced.   
TRIAL DETAILS 
Site: Weed free.  Good yellow sand approximately 15 km west of 
Mingenew. 
Seeding Machinery: Airseeder with knifepoints and presswheels. 
Pre emergent herbicides: Knockdown + Simazine 1 L/ha + Atrazine 0.5 L/ha + Diuron 0.5 L/ha 
Post emergent herbicides: Broadleaf treatments applied on 11 June 1999 when lupins were just 
at the 8 leaf stage.  Approximately 25 mm rain fell commencing about 
7 hours after spraying was completed.  Spraying conditions were 
excellent.  No grass selective herbicide was applied. 
RESULTS 
Table 1. Grain yield of control (Kg/ha) and grain yield percent of control for twelve herbicide 
treatments applied to five Lupin varieties 
Treatment Tanjil Belara Kalya Gungurru Moonah 
  1.  Simazine 500 mL (Yield kg/ha) 3323 3191 3165 3067 2953 
  1.  Simazine 500 mL  100 100 100 100 100 
  2.  Simazine 2 L 101 95 95 93 87 
  3.  Brodal 120 mL 99 99 97 96 99 
  4. Brodal 200 mL 102 99 94 96 101 
  5.  Brodal 120 mL + Lexone 100 g 101 100 96 98 102 
  6.  Brodal 120 mL + Lexone 150 g 100 100 95 99 102 
  7.  Brodal 120 mL + Simazine 500 mL + Lexone 70 g 102 101 99 99 103 
  8.  Brodal 120 mL + Simazine 500 mL + Lexone 100 g 103 99 95 97 100 
  9.  Brodal 120 mL + Dimethoate 100 mL 101 101 104 89 107 
10.  Brodal 120 mL + Verdict 300 mL 102 101 95 94 102 
11.  Eclipse 14 g 105 102 100 96 102 
12.  Eclipse 14 g + Brodal 20 mL 103 101 98 97 103 
LSD NS NS NS NS 7.5 
Note:  Lexone contains 750 g/kg Metribuzin 
The only significant result in the trial is that Moonah suffered from Simazine.  This site is in a high 
Anthracnose risk area and some disease was present in the trial but it did very little damage.  
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OBSERVATIONS 
Tanjil suffered more leaf scorch symptoms than any other variety when assessed 14 days after 
spraying.  The most significant leaf damage was where treatment 8 was applied to Tanjil.  The visual 
damage observed for this treatment was grey to brown leaf scorch on the top four leaves of the lupin 
plant causing roughly a 30% defoliation of these leaves.  Moonah suffered more leaf scorch from 
Metribuzin than the varieties Belara, Kalya and Gungurru but less leaf scorch than Tanjil.  Negligible 
leaf scorch was observed for all rates of Metribuzin for the varieties Belara, Kalya and Gungurru.  The 
addition of Dimethoate or Verdict to Brodal resulted in more Brodal flecking than for Brodal alone but 
not to the point where it would be a concern.  No visual effects of Eclipse were observed. 
DISCUSSION 
This trial demonstrates that Metribuzin can be used safely across a range of lupin varieties when 
applied in the right conditions (i.e. rain fell more than 4 hours after spraying but within 24 hours).  Last 
year where it did not rain for five days after spraying, Tanjil and Wonga suffered significant defoliation 
and 30% yield loss at the same rate (i.e. high rate).  Several lupin herbicide tolerance trials have 
shown that Tanjil and Wonga have similar tolerance to Metribuzin. 
The guidelines for spraying Metribuzin onto Tanjil or Wonga Lupins based on two years of trial results 
are as follows: 
• Spray when rain (i.e. enough to form a droplet on the leaf) is due to fall more than four hours 
after spraying but within 24 hours of spraying. 
• Do not spray before the 6 leaf stage of the lupin.  Eight to ten leaf is preferable. 
• Use moderate rates of Metribuzin and expect to see some leaf scorch. 
• Do not spray Metribuzin if Brown Leaf Spot has had a history of damaging crops in your area.  
Metribuzin has proven to be safer in the northern wheatbelt than other areas of Western 
Australia. 
• Avoid spraying Metribuzin in a post emergent mix if the crop is suffering from Simazine, Atrazine 
or Diuron damage from pre emergent herbicides as this may pre-dispose the crop to leaf scorch 
from Metribuzin. 
• Consult and agronomist, the rates will vary greatly from paddock to paddock. 
ACKNOWLDEGEMENTS 
Thanks to Clancy Michael of Mingenew on whose property the trial was conducted. 
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A new seed pressing system for ryegrass 
suppression and healthy lupin establishment 
Mohammad Amjad1 and Glen Riethmuller2, Agriculture Western Australia 
1 Esperance 
2 Merredin 
ABSTRACT 
A new seeding technique - press the seed, not the soil - was developed, tested and demonstrated in 
comparison with the conventional methods of seeding using press wheels and harrows on lupins.  The 
lupin seed was pressed into the soil but the soil was left relatively loose above the seed (no ryegrass 
seed-soil contact) as compared to firming seed and soil together by press wheels.  The new seed 
pressing gave excellent results in terms of early plant vigour, crop growth and establishment, ryegrass 
suppression and yield in a range soil-moisture environments in western Australia.  During 1997 and 
1998, lupin yield improvement up to 20% (average 10%) with 58% ryegrass suppression was 
observed in field experiments.  
INTRODUCTION 
In dryland agriculture, seedbed management techniques involving stubble retention, degree of soil 
disturbance and placement of seed and fertiliser in relation to soil moisture have significant effects on 
crop establishment, weed and disease control problems and ultimately on yield and productivity.  The 
development of herbicide resistance in ryegrass now adds a major new challenge for lupin producers 
and its impact will to be felt first and most severely by producers who have developed, and now 
depend on a continuous wheat lupin rotation.  In managing resistance, establishment will be the key 
phase where success or failure will determine the viability of the wheat-lupin system.  
MATERIAL AND METHODS 
In several experiments in 1995, when compared with harrows, press wheels (PW) generally reduced 
lupin establishment (by between 4 and 28%) and usually yield (from 10 to 23%) under direct drilling 
situations in lupin growing areas of the State.  During 1996, a different technique of seed side-pressing 
by press wheels was used as well as the conventional technique of seed top-pressing to overcome the 
1995 negative press wheel yields and to improve lupin emergence and yield by using press wheels.  
Side-pressing did not give the disadvantages seen from top-pressing the previous year.  During 1997, 
a new technique of pressing lupin seed, not soil, was investigated and compared with the conventional 
methods of lupin seeding using press wheels and rotary harrows (Amjad et al. 1998 CropUpdates). 
The lupin seed was pressed into the soil for good seed-soil contact but the soil was left relatively loose 
above the seed (no ryegrass seed-soil contact) as compared to firming seed and soil together by 
press wheels.  For the new seed pressing technique, the seed boots were taken from the seeding 
tines and mounted directly in front of the press wheels by using a simple tube holder.  The press wheel 
pushed seeds into the groove and the furrow was partially filled using the light rotary closers.  
Throughout the season the crop was monitored in terms of early vigour, crop establishment, ryegrass 
suppression and yield.  A catcher bin attachment was used on the harvester to collect ryegrass seed. 
RESULTS AND DISCUSSION 
Lupin yield improvement up to 23% has been observed in field experiments.  Table 1 shows the 
average ryegrass head and seed numbers and lupin yield results from a time of sowing experiment at 
Wongan Hills.  Seed pressing gave 10% better yield and 58% better ryegrass suppression than the 
conventional practice of top-pressing using press wheels.  Side pressing had a similar yield to seed 
pressing but had more ryegrass. 
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Table 1. Comparison of the new seed pressing technique with the top (conventional) and side pressing 
using press wheels on ryegrass suppression and lupin yield 
Seeding  Ryegrass/m
2 Lupin yield  
method Head Seed No. t/ha 
Top-press 12 176 1.37 
Side-Press 11 153 1.43 
Seed-Press 5 74 1.51 
LSD (0.05) 4.7 70.4 0.09 
This approach allows better seed-soil contact, moisture conservation, deep fertiliser placement, and 
better seed cover and herbicide incorporation and is an inexpensive adaptation for conventional 
seeders.  Many farmers have reported the adaptation in their existing machinery systems and are now 
pressing the seed into the groove rather than pressing the soil on top of the seed, not only for lupins 
but also for cereals, pulses and canola.  This work needs to be repeated for establishment of a more 
healthy crop and weed suppression for all grain and oilseed crops in a range of soil-moisture 
environments. 
CONCLUSIONS 
The development of a new seed pressing technique which is simple and inexpensive but readily 
adaptable to existing systems, is the most significant research discovery of this GRDC funded project.  
Seed pressing can give up to 20% yield improvement compared to the conventional systems.  Other 
additional benefits are weed and disease suppression due to healthy crop growth and establishment 
with possible reduction in chemical costs and seeding rate. 
ACKNOWLEDGEMENT 
The research was supported by GRDC funded project ‘Reliable Lupin Seeding Systems including the 
Scenario of Herbicide Resistance’ (DAW347). 
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Banded surfactant for better lupin yield on non-
wetting sand 
Dr Paul Blackwell, Agriculture Western Australia 
KEY MESSAGES 
• Banded surfactant in a furrow will further improve dry sown lupin establishment on non-wetting 
soil and be complementary to other strategies for better management of non-wetting problems. 
• Banded surfactant with ability to degrade during winter (Groteric®) can reduce leaching 
problems and yield losses.  Trials in a season with high leaching risk have shown economic 
responses to such banded surfactant when fertiliser placement strategies have minimised 
leaching risk. 
• Combining these trials with other trials from less leaching seasons, there are good economic 
benefits to be gained from banded surfactant for dry sown lupins in the NAR.  Yield benefits of 
about 200 kg/ha can be expected from the application of about 700 mL/ha of Groteric® on 
250 mm row spacing at a cost of about $6/ha. 
• There are now two farmers north of Perth with more than one season’s experience with banded 
Groteric®.  The practicalities of using banded surfactant on an airseeder have been established. 
• There is also potential to add appropriate herbicides and trace elements in the surfactant. 
• Improved financial returns from banded surfactant can be used to help finance a claying 
program, if clay is effective for yield improvement. 
AIM 
Banded surfactants are added to furrows to improve wetting of the furrow base and the width of 
wetting.  Surfactant reduces water surface tension.  This improves water entry to improve germination, 
but can also increase water release under drainage.  Extra drainage can leach nutrients and cause 
yield loss, despite better crop establishment.  Persistence of some formulations (e.g. Wettasol®) has 
encouraged leaching and led to poorer yield improvements than new formulations that degrade more 
rapidly (e.g. Groteric®).  Thus the aim of this research is: 
• To develop and test new formulations of surfactant which can improve crop production in 
northern areas with minimum leaching problems. 
METHODS 
During 1996 numerous formulations with different abilities to degrade in wet soil, were tested in the 
laboratory and in field trials.  From these formulations, ICI Surfactants chose a new formulation for the 
(the product Groteric®).  In 1999 a detailed field trial, on grey sand over gravel at Casuarina near 
Mingenew was used to test the profitability of Groteric use, especially for different fertiliser application 
methods.  The season was an extreme test for the surfactant because there was heavy rain (107 mm 
over 3 days) at the end of May and the rainfall from March-October was above average (500 mm).   
70 kg/ha of Gungurru was sown on 30.4.99 through wheat stubble into dry soil to 75-100 mm.  Knife 
points were used at 270 mm spacing and working to 75 mm depth.  The seed was sown at 30 mm 
depth below the base of the furrow with a closer plate and a presswheel.  48 kg/ha of triple 
superphosphate was applied by the following treatments:- nil, immediately before seeding, deep 
banded in the row or top dressed at the end of May when the crop was established.  Groteric® was 
applied by a straight jet (0.8 mm ID microspray base) to the bottom of the furrow with 15 L/ha of water.  
The jets were mounted on brackets behind the presswheels and angled back to hit the soil after it has 
stopped flowing round the presswheel.  The jets did not block with dust between sprayings. 
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RESULTS 
• Establishment was improved by 26%, to 27 plants/m2 with the surfactant and the crop was more 
advanced, i.e. 46% more plants with 6 true leaves by the middle of May (Figure 1.). 
Figure 1. Effects of surfactant on establishment.  Stages 2, 4 and 6 are the number of true leaves. 
• Surfactant gave an average yield increase, for all fertiliser treatments, of 119 kg/ha, about $6/ha 
margin at current prices (Table 1.).  The best yield was 1.27 t/ha from a combination of post 
applied fertiliser and surfactant.  The poorest yield improvement by surfactant was with banded 
fertiliser.  Surfactant possibly made the pre-applied fertiliser more available by increasing the 
width of wet soil around the furrow. 
Table 1. Yields of lupin crop sown dry by knife points; wet growing season and heavy rain in late May 
Fertiliser 
treatment 
Yield 
without 
Surfactant  
(t/ha) 
Yield 
With 
Surfactant 
(t/ha) 
Yield 
improvement 
by surfactant 
(kg/ha) 
Income 
improvement 
(@$105/t) 
Cost $/ha 
(Groteric® 
@700 mL/ha 
@ $9/L) 
Margin 
($/ha) 
Nil 0.593 0.703 110 11.5 6.3 5.2 
Before 0.894 1.054 160 16.8 6.3 10.5 
Banded 1.035 1.110 75 7.8 6.3 1.5 
Post 1.143 1.273 130 13.7 6.3 7.4 
Average   119 12.4 6.3 6.1 
Lsd (5%) 0.126  90    
COMMENTS 
• Jon Leigh-Firbank and John Cook, of Dandaragan have been using banded Groteric® for two 
years and find plain reticulation nozzles very practical.  Grant Morrow of Novartis developed this 
idea. 
• Thanks to Jon Leigh-Firbank for hosting the trial and valuable assistance from Maurice Black, 
Elizabeth Elliot Lockart and CRT.  Also to Paul Griffith of Orica and Grant Morrow. 
GRDC Project No.: DAW 411 
Paper reviewed by: Bill O’Neill 
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Drought tolerance of lupin genotypes in Western 
Australia 
Jairo A. Palta1,2,, Neil C. Turner1,2, Robert J. French2,3 
1 CSIRO Plant Industry, Centre for Mediterranean Agricultural Research 
2 Centre for Legumes in Mediterranean Agriculture, University of Western Australia 
3 Agriculture Western Australia, Dryland Research Institute, Merredin 
KEY MESSAGE 
Narrow-leafed lupin cultivars Belara and Tallerack, and breeding line WALAN 2049 outyielded Merrit 
and maintained harvest index when grown under rainfed conditions at Merredin.  When grown under a 
rainout shelter that excluded all rainfall after podding and ensured conditions of terminal drought the 
cultivars Tanjil, Quilinock and Belara outyielded Merrit and maintained harvest index. 
AIM 
In Western Australia drought terminates the lupin growing season and causes much of its yield 
reduction and variability.  Lupin seed yields are reduced by terminal drought through a reduction in the 
yield potential caused by an increase in pod and seed abortion.  Lupin genotypes able to tolerate 
terminal drought are likely to maintain yield potential through greater pod retention and seed filling.  
The primary aim of this study was to identify narrow-leafed lupin genotypes with greater yield and 
harvest index when grown under rainfed and terminal droughted conditions. 
MATERIALS AND METHODS 
Two field experiments were conducted over the May-December growing season of 1998 and 1999 at 
Merredin, Western Australia.  In the growing season of 1998, five genotypes of narrow-leafed lupin 
(Lupinus angustifolius L) and one genotype of yellow lupin  (Lupinus luteus L) were grown in a split-
plot design with two watering treatments as main plots, and genotypes randomised as subplots in 4 
blocks within each main-plot.  Experimental plots were 1.44 m wide, 40 m long.  The lupins were 
rainfed until podding when 2 watering treatments were imposed (1) the plots were irrigated by drip 
irrigation to replace evaporation as required, and (2) the plots were rainfed.  The six genotypes were:  
1. Merrit The check cultivar released in 1991 for main lupin growing areas. 
2. Belara Large-seeded cultivar released in 1997. 
3. Tallerack Restricted branching cultivar released in 1998. 
4. WALAN2049 Advanced breeding line. 
5. Myallie Rapid maturity cultivar released in 1995. 
6. Wodjil Rapid maturity cultivar released in 1997, adapted to very acid soils. 
In the growing season of 1999, eight genotypes of narrow-leafed lupin and one genotype of yellow 
lupin were grown with a similar layout to that in 1998.  The lupins were rainfed until podding when 2 
watering treatments were imposed (1) the plots were irrigated by drip irrigation to replace evaporation 
as required, and (2) a rainout shelter was moved over the plots whenever it rained so that all rainfall 
after podding commenced was excluded.  The nine genotypes were: 
1. Merrit The check cultivar released in 1991 for main lupin growing areas. 
2. Tanjill Anthracnose resistant cultivar released in 1997. 
3. Quilinock Long branches cultivar released in 1999. 
4. Belara Large-seeded cultivar released in 1997. 
5. Kalya Cultivar with stay green characteristics released in 1996. 
6. Wodjill Rapid maturity cultivar released in 1997, adapted to very acid soils. 
7. WALAN2026 Advanced breeding line. 
8. WALAN2053 Advanced breeding line. 
9. WALAN2072 Advanced breeding line. 
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RESULTS 
In 1998, the seed yield of cultivars Belara and Tellarack, and the breeding line WALAN2049 exceeded 
that of Merrit by 23-29% when grown under rainfed conditions.  Harvest index of these genotypes was 
also higher than that of Merrit by 6-17%.  Higher seed yields in Belara, Tellarack and WALAN2049 
resulted, mainly from a lower pod set than Merrit, but a greater survival of the pods and seeds under 
rainfed conditions.  Merrit had the smallest final seed size and the slowest seed growth rate and the 
longest duration of seed growth.  Bellara had the largest final seed size, the fastest seed growth rate 
and a shorter duration of seed filling.  This suggest that the faster rate of seed growth is an important 
characteristic to maintain seed size under rainfed conditions. 
Table 1. Seed yield, biomass, harvest index (HI), seed size and seed growth rates for 6 lupin genotypes 
grown under:  (a) rainfed conditions and (b) irrigation from the commencement of podding.  
ARefers to Lupinus angustifolius, Lrefers to Lupinus luteus 
Genotype 
Seed yield 
(t/ha) 
Biomass (t/ha) HI (%) 
Seed dry weight 
(mg/seed) 
Seed growth 
rate (mg/day) 
Rainfed (a) 
MerritA 1.71 4.75 36 154 5.4 
BelaraA 2.21 5.32 41 170 7.0 
TallerackA  2.09 5.61 37 155 6.7 
WALAN 2049A 2.70 5.50 37 168 6.4 
MyallieA 1.76 5.21 34 168 6.0 
WodjilL 1.20 5.10 24 161 6.2 
Percentage of Irrigated Value 
MerritA 64 64 100 91 91 
BelaraA 67 68 100 88 96 
TallerackA 69 70 97 92 113 
WALAN 2049A 67 70 95 92 90 
MyallieA 63 64 100 95 97 
WodjilL 64 61 104 96 95 
Irrigated plots (b) 
MerritA 2.69 7.44 36 168 5.9 
BelaraA 3.17 7.84 41 194 7.3 
TallerackA 3.04 8.06 38 169 5.9 
WALAN 2049A 3.10 7.97 39 182 7.1 
MyallieA 2.80 8.16 34 176 6.2 
WodjilL 1.95 8.21 24 168 6.5 
In 1999 and under terminal drought the seed yields of Tanjil, Quilinock and Belara were 48%, 34% 
and 30% higher, respectively, than that of Merrit.  None of the advanced breeding lines had seed 
yields that exceeded the yields of these cultivars.  Under terminal drought, the newly-released cultivar 
Quilinock had the highest pod retention at 80%, compared to WALAN2053 which had only 42% pod 
retention.  All the advanced breeding lines had poor pod retention characteristics under terminal 
drought.  
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Table 2. Seed yield, biomass, harvest index (HI) and pot retention for 9 lupin genotypes grown under:  
(a) rainout shelter that excluded all the rainfall from the commencement of podding, and (b) 
irrigation from the commencement of podding.  ARefers to Lupinus angustifolius, Lrefers to 
Lupinus luteus 
Genotype Seed yield (t/ha) Biomass (t/ha) HI (%) Pod retention (%) 
Rainout Shelter 
MerritA 1.56 5.50 28 74.4 
TANJILA 2.32 8.39 28 73.4 
QuilinockA 2.09 7.54 28 79.3 
BELARAA 2.04 7.39 28 67.0 
WALAN2053A 1.97 7.28 27 42.5 
KalyaA 1.85 6.53 28 75.1 
WALAN2026A 1.77 6.44 28 63.2 
WALAN2072A 1.76 6.50 27 59.1 
WodjilL 1.31 6.26 21 49.7 
l.s.d (P<0.05) 0.36 1.09 2.4 3.6 
Percentage of Irrigated Value 
MerritA 64.0 62.4 103.7 79.0 
TANJILA 64.2 69.0 93.3 83.2 
QuilinockA 64.2 68.2 96.5 92.5 
BELARAA 68.5 75.0 90.3 96.4 
WALAN2053A 60.0 69.8 87.1 55.8 
KalyaA 71.3 71.0 100 82.7 
WALAN2026A 67.6 74.0 93.3 73.4 
WALAN2072A 67.7 69.0 103.7 69.0 
WodjilL 42.4 50.6 84.0 64.1 
Irrigated 
MerritA 2.44 8.81 27 94.1 
TANJILA 3.61 12.16 30 88.2 
QuilinockA 3.25 11.05 29 85.7 
BELARAA 2.97 9.86 31 69.5 
WALAN2053A 3.28 10.44 31 76.1 
KalyaA 2.59 9.20 28 90.8 
WALAN2026A 2.61 8.70 30 85.7 
WALAN2072A 2.61 9.42 28 75.5 
WodjilL 3.10 12.33 25 77.5 
l.s.d (P < 0.05) 0.39 0.91 2.2 2.4 
Pod retention under terminal drought was obviously an important yield-related characteristic.  
However, it was not the only important characteristic, as Merrit had a high pod retention, but poor seed 
yield and Belara had a reasonable seed yield but low pod retention.  Preliminary analysis of the data, 
which is not shown here, indicates that seed number per pod and seed size under terminal drought 
were also important characteristics determining seed yield.  
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Soluble carbohydrate stored in the stems of cereal plants can contribute significantly to seed filling 
(Bonnett and Incoll 1993).  Remobilisation of stored assimilate from stems also contributes to seed 
filling in lupins, and may act to maintain seed growth when the availability of current photosynthesis is 
curtailed, for example by drought  (J.A. Palta, R.J. French and N.C. Turner, unpublished data).  Here 
we have assessed the changes in water-soluble carbohydrates that occur during reproductive growth 
of lupins in the field. 
METHODS 
Forty uniform plants were tagged prior to flowering in each of four plots of cv. Merrit in a larger lupin 
trial conducted at Merredin Research Station in 1998.  The trial was sown on 19 May 1998, and Merrit 
flowered on 25 August.  Subsequently five plants were harvested at 1.00 p.m. at 7–14 day intervals 
during reproductive growth, and divided into stem, leaf, rachis (the central stalk of the lupin 
inflorescence) and pod fractions.  The stem, leaf and rachis fractions were immediately frozen in liquid 
nitrogen.  The three lowest main stem pods from each plant had their seeds removed, and the pod 
walls were than frozen.  The removed seeds, and the other pods, were oven dried, then weighed. 
Frozen material was freeze dried and weighed.  Soluble carbohydrates were extracted in boiling 80% 
ethanol, and measured against sucrose standards using the anthrone method (Fales 1951, Yemm and 
Willis 1954). 
RESULTS AND DISCUSSION 
Both stem and leaf dry weight increased until 7 October, then declined (Figure 1).  Reproductive 
growth had barely started at this stage:  70% of main stem seed growth had yet to occur.  A large 
proportion of the decline in leaf weight would have been due to leaf drop, but the decline in stem 
weight must have been due either to respiration or translocation of material elsewhere in the plant.  If 
all of this weight loss was used for seed growth it could have accounted for 33% of estimated seed 
yield. 
Stems had a maximum soluble carbohydrate concentration of 22% (Figure 2).  Main stems had a 
lower concentration than primary or secondary stems, presumably because they contained more 
structural material.  Carbohydrate concentration declined gradually during early reproductive growth, 
but this decline accelerated after 21 October.  However, due to stem dry weight accumulation and 
subsequent decline, the total amount of stem carbohydrate rose appreciably up to 7 October, after 
which it declined steeply (Figure 3).  The period of decline coincided with rapid seed filling, and the 
decline in stem carbohydrates after 7 October (2.68 g/5 plants) accounted for 33% of the concurrent 
loss of stem dry weight (8.1 g/5 plants).  At the density of this experiment (50 plants m-2) the stem 
carbohydrate loss after 7 October would account for 268 kg/ha of yield if it was all converted into seed. 
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Figure 1. Dry weight changes of stem, leaf and reproductive parts of Merrit lupin plants during 
reproductive growth at Merredin in 1998.  Stem–yellow areas; leaf–blue areas; reproductive 
structures–red areas.  Solid symbols–total main stem seed weight; open symbols–average 
weight of individual main stem seeds. 
Figure 2. Changes in soluble carbohydrate concentrations of stems, leaves, rachises and pod walls of 
Merrit lupin plants during reproductive growth at Merredin in 1998.  Open squares–main stem 
structures; solid squares–primary lateral branch structures; solid triangles–secondary lateral 
branch structures. 
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Pod walls contained a maximum of 29% soluble carbohydrate just before rapid seed filling began, then 
carbohydrate concentration declined rapidly (Figure 2).  Carbohydrate concentration was measured 
only on the three lowest main stem pods but, if other pods had the same concentration as these 
structures, a total of 1.85 g carbohydrate/5 plants would have been lost from main stem pods after 7 
October, to add to the 2.68 g/5 plants lost from stems. 
Figure 3. Total soluble carbohydrate contents of stems, leaves, rachises and pod walls from merrit 
lupin plants during reproductive growth at Merredin in 1998.  Open squares–main stem 
structures; solid structures–primary lateral branch structures; solid triangles–secondary 
lateral branch structures. 
Leaf carbohydrate concentration remained relatively constant until about 21 October (leaves on 
secondary branches until 29 October) before declining.  Although leaves contained significant total 
amounts of soluble carbohydrate, they were presumably continually exporting carbohydrate to growing 
seeds, so leaves shouldn't be regarded as a long-term storage pool for carbohydrate. 
Rachis carbohydrate concentrations also decline during rapid seed growth, but these structures are so 
small that the total amount of carbohydrate involved is insignificant compared to that in the stems and 
pod walls. 
We conclude that lupin stems and pod walls accumulate sufficient soluble carbohydrate during early 
reproductive growth to support a significant part of grain filling.  If variation between genotypes can be 
found in the capacity to accumulate and remobilise soluble carbohydrate, it could be exploited to 
improve grain filling under stressful conditions. 
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